
AD-A 2 3 6 986

AD_________

CONTRACT NO: DAMDI7-88-C-8031

TITLE: FURTHER DEVELOPMENT AND VALIDATION OF THE FROG EMBRYO

TERATOGENESIS ASSAY- XENOPUS (FETAX)

I .c a, :... n T r

PRINCIPAL INVESTIGATOR: John A. Bantle, Ph.D.

i .. ;. t t : .

I.. ...-----.... ....--- -

CONTRACTING ORGANIZATION: Oklahoma State University .

Stillwater, OK 74078 D,. .,,.,

REPORT DATE: February 28, 1991 - t al

TYPE OF REPORT: Final Report

PREPARED FOR: U.S. ARMY MEDICAL RESEARCH AND DEVELOPMENT COMMAND
Fort Detrick, Frederick, Maryland 21702-5012

DISTRIBUTION STATEMENT: Approved for public release;
distribution unlimited

The findings in this report are not to be construed as an
official Department of the Army position unless so designated by
other authorized documents.

91-02343
ir6 I iIIiii IIIInun

91 617 040



SECURITY'CLASSIFICATION OF TSPAC.

REPORT DOCUMENTATION PAGE FomA~o

REPORT SECURITY CLASSIFICATION b. RESTRICTIVE MARKINGS SM t07"1

Unclassified

2S. SECURITY CLASSIFICATION AUTHORITY 3 DISTRIBUJTION,/AVAILABILITY OF REPORT
1 Approved for public release;

2b5. DECLASSIFICATION /DOWNGRADING SCH4EDULE distribution unlimited

4 PERFORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)

64. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION
(If appikable)

Oklahoma State University Zoology ______________________

6c. ADDRESS (City. State, and ZIP Code) 7b. ADDRESS (City. State, and ZIP Co*e)
Stilltwater,
Oklahoma
74078

Ilm. NAME OF FUNDING/ISPONSORING 8b. OFFICE SYMBOL 9 PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION U.S. Army Medical (Of applicable) DAMD7-88-C-8031

Research & Development Command Ij

$c. ADDRESS (City, State, and ZIP Code) 10 SOURCE OF FUNDING NUMBERS
Fort Detrick PROGRAM PRO ITASK WORK UNIT
Frederick, Maryland 21702 ELEMENT NO. NVE. NO. ACCESSION NO.

62720A 62720A835 00 E QDA315651

11.- TITLE (Include Securrty Claw fication)
Further Development and Validation 'of the Frog Embryo Teratogenesis Assay-

12. PERSONAL AUTHOR(S) 
eou (FTX

Bantle, John A.
13a. TYPE OF REPORT 113b. TIME COVERED 114 DATE OF REPORT (Year,Month, Day) jIS. PAGE COUNT

Final I FROM/26/88OL1j1/J 1991, Februar , 28
16. SUPPLEMENTARY NOTATION

17, COSATI CODES 7 18. SUBJECT TERMS (Contnue on reverse if necessary and identify by block numbier)
FIELD GROUP SU".ROUP Frog Embryo Teratogenesis Assay-Xenopus (FETAX)

developmental toxicology, teratology,validation
metabolic activation system, cytochrome P-450, RAIII

19. ABSTrAmTContinuc on revers if necenary and identify by block number)
The goal of the project was to develop and validate the Frog Embryo

Teratogenesis Assay- Xenopus (FETAX). FETAX is a 96 h whole embryo
bioassay designed to rapidly assess the developmental toxicity of pure
compounds and complex mixtures. The five specific objectives of this study
are: 1) validate FETAX using direct-acting compounds of known mammalian
developmental toxicity, 2) develop and validate an in vitro metabolic
activation system using rat liver microsomes, 3) explore an~d use three
carrier solvents which will help solubilize non-polar compounds, 4) develop
an "Atlas of Abnormalities" as a companion manual to the ASTh New Standard
Guide for the Conduct of FETAX and, 5) compare the sensitivity of FETAX with
a fathead minnow bioassay modified to have the same exposure conditions as
FETAX.* Eighteen test compounds were selected for FETAX validation. Each
compounl)\was tes ted us ing 1-2 range-finding tests with three definitive

11, 20. DISTRIBUTION/ AVAI B)k ILIY OF ABSTRACT 11 A S R C E U I Y C A SFC TO
C3UNCLASSIFIEOflJNLIMIT'ED 0 SAME AS RPT C OTIC USERS IUnclassified

22a. NAMq OF RE5PONSI 8LE INDIVIDUAL I22b TELEPHONE (Include Area Code) 22c, OFFICE SYMBOL
Mrs. Virgini Miler 301-663-7325 SGRD-RMI-S

110 Form 1473, JUN 84Previous etons are Obsolete. SECURITY CLASSIFICATION OFTHIS PAGE



19. Continued

tests. Endpoints of FETAX are mortality, malformation and growth inhibition.
Compounds selected for testing included mammalian negatives and two strong
positives. FETAX correctly identified the developmental toxicity of all
compounds tested in the validation phase. One compound did require metabolic
activation in order for it to test correctly.

The development of the in vitro metabolic activation system using
Aroclor 1254-induced rat liver microsomes was completed and five compounds
were successfully tested using this system. Additional work was done using
isoniazid-induced rat liver microsomes which induced a cytochrome P-450j
species not induced by Aroclor 1254. It was found that a 1:1 mixture of
Aroclor 1254 and isoniazid-induced microsomes proved to be best activation
system to bioactivate a broad range of chemicals. Some experiments were
performed using phenobarbital and beta-napthoflavone-induced microsomes as a
substitute for Aroclor 1254 which suffers from waste disposal problems.

Triethylene glycol, dimethyl sulfoxide and acetone were evaluated as
possible carrier solvents. Triethylene glycol proved to be the least toxic
solvent but dimethyl sulfoxide had the best combination of low toxicity and
solvation power. These solvents were tested in the presence of four known
teratogens (trans-retinoic acid, methyl mercury chloride, trichloroethylene
and 6-aminonicotinamide). Interactions ranging from synergism to antagonism
were recorded for all combinations of solvent and teratogen. Only growth was
not affected in this study. Mortality was significantly affected. It is
recommend that when the use of a carrier solvent is required that two
different solvents be used and the results compared.

The "Atlas of Abnormalities" was conceived as a companion manual to the
ASTM New Standard Guide for the Conduct of FETAX. The guide helped to
standardize the FETAX protocol and the manual provided valuable assistance in
the area of animal husbandry and the recognition of malformations. The ASTM
guide did not allow the publication of micrographs so the Atlas was a way of
providing this information. Besides the collection of useful aata, the Atlas
has helped popularize the use of FETAX and has facilitated technology
transfer.

The sensitivity of FETAX was compared with a fathead mianow bioassay
modified to have the same exposure conditions as FETAX. Some question as to
the sensitivity of FETAX was posed by Dr. Wes Birge of the University of
Kentucky. However, different exposure times and incubation temperatures were
used in his study which made interpretation difficult. In order to
standardize these parameters in our study, we chose a five day exposure
period (I day longer than FETAX) and a constant 23-24 0 C incubation
temperature. In two of three tests with different chemicals, FETAX was the
most sensitive indicator of developmental toxicity.

As a result of this study, we conclude that FETAX should be immediately
useful as an indicator of human health hazards (birth defects, low birth
weight etc.) and as useful bioassay for use in ecotoxicology.
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INTRODUCTION

Project Goal and Objectives

The goal of this research project was to develop and validate an in
vitro bioassay for developmental toxicants using embryos of the South
African clawed frog Xenopus laevis. The assay will allow rapid screening
of pure compounds or complex mixtures as part of the hazard assessment
process. The assay has been named the Frog Embryo Teratogenesis

Assay-Xenopus (FETAX) by its developer Dr. James Dumont (I) of Oak Ridge
National Laboratories.

Four objectives have been established for the present project. These

are:

1. Validation: FETAX will be tested using a number of pure test chemicals
whose mammalian developmental toxicity has been previously established. The

rationale for this work is to establish the predictive accuracy of FETAX and
establish the false positive and negatice rate. Chemicals that do not test
as predicted will be retested using an in vitro metabolic activation
system used in conjunction with FETAX. In this manner the validation work
will help in the development of the assay. Attainment of this objective will
also help in future covalidation studies that will show that FETAX is
reproducible and reliable. Abnormal embryos generated during this phase of
the testing were photographed and the pictures used in preparing an "Atlas of
Abnormalities" (objective 4).

2. Solvent Interaction Study: Some difficulty has been encountered in
previous studies when non-polar test substances have been used. The use of
dimethyl sulfoxide, acetone and triethylene glycol as carrier solvents was

evaluated in this study. The no observable effects conce-trations of each of

these solvents has been determined but it was possible that these solvents
acted synergistically and antagonistically with the test chemicals. it was

an objective of this study to determine whether or not these type of
interactions are occurring and how best to minimize them.

3. Validation of the Rat Liver Metabolic Activation System for FETAX:
Aroclor 1254 induced rat liver microsomes are currently being used as an irk
vitro metabolic activation system for FETAX. Many proteratogens must be
bioactivated before causing developmental effects while other compounds, such
as nicotine, are rendered far less toxic. Since Xenopus embryos lack a

functional metabolic activation system through the first four days of

development, a substitute system must be exogenously provided. This system
has been developed and used successfully. The objective in the present study

was to validate the system in order to demonstrate that it increases the
predictive accuracy of FETAX.

4. Atlas of Abnormalities: If FETAX is to provide repeatable and reliable

data, it is imperative that a standardized methodology be provided to users.
This guide is currently being developed through the auspices of the American

Society for Testing and Materials. This new standard guide (See: Methodology
Appendix) is nearly through the development cycle. During its development it

became clear that new users were having difficulty judging which embryos were
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. malformed and which stages of development they were dealing with.
Photographs taken for the present project have been published in a book which
will be provided to interested parties for the purpose training FETAX
technicians. The repeatability and reliability of FETAX are very dependent
on the quality of the technical help. Because of the interrelationships
between the Atlas and the Guide, much effort was spent on the development of
the guide although it was not an original stated objective.

5. Comparative Sensitivity of FETAX: Midway through the contract, data

emerged from Wes Birge's lab of the University of Kentucky suggesting that
FETAX might be too tolerant as a developmental toxicity screen. However,
Birge's group used different exposure lengths and other differing
environmental conditions in carrying out their experiments. We designed
follow on experiments comparing FETAX to fathead minnow development. We
modified FETAX 1 adding an extra day to the exposure period and we modified
the minnow early life stage test by reducing the exposure period by one day.
In two of three cases tested, FETAX proved to be more sensitive and it was
easier to conduct FETAX as well.

BACKGROUND

The Need to Screen for Teratogens

Approximately 70,000-110,000 chemicals are currently available in the
marketplace with some 800 new chemicals released each year. Prior to their
release into the environment, the safety of these chemicals must be firmly
established. Because of the large numbers of chemicals to be tested and the
even larger number of interactions possible when these chemicals are present
in complex mixtt'res, in vivo assays employing mammals are not practical.
The need for routine teratogenicity testing has led to the development of a
number of in vitro teratogenesis assays that may prove useful in
prioritizing compounds for further testing (1-7). Several years ago, Dumont
and co-workers (I) develuped and used the Frog Embryo Teratogenesis Assay-
Xenopus (FETAX) and applied it to screening complex environmental mixtures
as well as pure compounds. We propose to further develop FETAX and evaluate,
this assay using compounds of known mammalian developmental toxicity.
Successful development and validation of this assay will make available to
the scientific community a four-day screening test providing reliable
developmental toxicity data.

Development of FETAX as a Teratogenesis Screening Assay

In its present form, FETAX meets most of the criteria set forth by Kimmel

et al. (8) for the validation of in vitro teratogenesis assays (8,

9-11). Endpoints such as mortality, malformation, growth, development and
motoz impairment are easily quantifiable and capable of exhibiting a
dose-response relationship with the establishment of narrow confidence
limits. Since many of the stages of amphibian development are similar to
mammalian development, the "developmental relevance" of FETAX is higher (8)
than many of the other teratogenesis assays. At present FETAX has a
metabolic activation system using uninduced rat liver microsomes, but
improv-ments can be made. Additional validation using compounds of known
mammalian developmental toxicity needs to be performed. The successful
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accomplishment of the specific aims listed below should make FETAX a fully
developed and reliable teratogenesis screening assay.

The original work on developing an assay with Xenopus to detect
environmental teratogens was performed in the laboratories of Greenhouse (7)
and Dumont (12). Greenhouse used 48-hr exposures to military compounds
(N-phenyl-a-naphthylamine and various hydrazines) to demonstrate toxic and
teratogenic effects on developing embryos.

The early studies demonstrated that the Xenopus system can be used with
a variety of chemicals and complex mixtures. The endpoints include: LC50
(mortality), EC50(malformation-teratogenesis), no observable effects
concentration (NOEC), growth (both length and developmental stage obtained in
a given time period), motor behavior, pigmentation, and gross anatomy. The
test chemical exposures are generally continuous for 96-hr (FETAX).
Mortality and stage of development are checked at hours 24, 48, 72, and 96
hr, while the other endpoints are recorded only at 96 hr. Every 24 hr, fresh
test compound and water is added (renewal). Data collection is simple as all
observations are made with a dissection microscope. The data collected using
FETAX are in harmony with the criteria for an in vitro teratogenesis
screen given by Kimmel et al. (8). These include: good dose-response,
adequate number of embryos, and easily defined endpoints.

FETAX Test Performance and Developmental Relevance

Dumont (unpublished) has validation data on 45 compounds with an
approximate 85 percent correspondence to mammalian results. Sabourin (13-14)
has completed testing of 32 compounds with 83 percent predictive accuracy.
In our laboratory to date, we have tested 67 compounds and found that 60 gave
results in FETAX consistent with the mammalian literature for a predictive
accuracy rating of 89.5%. In at least two cases (isoniazid and
pseudoephedrirne), we feel that metabolic activation is involved and that the
mammalian literature has not properly taken this into account. Resolution of
these problems in validation would increase the predictive accuracy
significantly. However, we are bounded by the limits of the accuracy of the
mammalian literature since funds to repeat mammalian studies are lacking.

Correlation between laboratories has been encouraging. For example,
Courchesne and Bantle (9) found a teratogenic index for hydroxyurea of 4.3,
whereas Sabourin recorded 4.5 for the same chemical. In some cases, however,
a lack of correspondence is apparent. Even though 5-fluorouracil tested
strongly positive for teratogenesis in the laboratories of Bantle and
Sabourin, the teratogenic indexes differed significantly. The reason for
such discrepancies needs to be understood and the interlaboratory evaluation
phase of the next contract will permit an evaluation of the inter-laboratory
variability. If the assay is to be used for purposes beyond screening, such
as for ranking teratogenesis of test chemicals, then the importance of
minimizing variability in quantitative measurements emerges.

Additional evidence which supports the use of FETAX as a viable teratogen
screen concerns its performance compared with that of other potential test
systems and its developmental relevance, Sabourin et al. (10) found the
Xenopus test emerged as the assay of choice when compared to the planaria
system (3) and the Hydra system (15). These results can be attributed to
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. the numerous endpoints of the frog assay as well as its higher phylogenetic
position. We have also found that endpoints in the Xenopus assay may
demonstrate developmental relevance to those in mammalian systems. Sabourin
and Carlton (unpublished) determined that t- same stock of diphenylhydantoin
caused pericardial edema as the primary endpoint in both the cultured whole
rat embryo (16) and Xenopus embryos. We have also made this same
observation. Dumont et al. (personal communication) similarly found that
meclizine induced hydrocephalia in both frogs and mammals and that other
teratogens produced similar abnormalities in both frogs and mammals.
Sabourin (in preparation) has recently found that the total mammalian
malformations (e.g., skeletal, visceral, nervous, etc.) caused by 17
teratogens were matched in Xenopus in 24/37 (65%) of the cases. Courchesne
and Bantle (9) reported that a number of genotoxic chemicals caused the same
general types of malformations in both Xenopus and rodent embryos. Lastly,
Dawson et al. (17) have developed a artificial medium (FETAX solution) and
have carried out a preliminary validation using five compounds ranging from a
nonteratogen to a strong teratogen.

In Vivo Bioactivation

A principal objective of this proposed study is to develop a means of
dealing with proteratogenic substances in the FETAX system. Preliminary
work, done independently in the laboratories of Dumont and Sabourin,
indicated that a limited degree of basal P-450 activity and subsequently
induced P-450 activity is present in the 96-hr embryo. This activity is not
great enough to qualify FETAX as a metabolically competent system however. A
significant increase in mortality or malformation between 72 and 96 hrs does
indicate that bioactivation may be occurring later in development. We have
observed this increase in mortality between 72 and 96 hrs using histamine.
Wesolowski and Lyerla (18) have also reported that hexokinase and alcohol
dehydrogenase activities do not appear until the fifth day of development in
Xenopus.

In Vitro Bioactivation

We have developed an in vitro metabolic activation system (MAS) for FETAX
by using Aroclor 1254 induced rat liver microsomes cocultured with embryos
(19). Initial attempts to use commercially available Aroclor 1254 induced
rat liver S-9 supernatant (Litton Bionetics) failed because of high S-9
toxicity. We then attempted to further purify microsomes from uninduced rat
liver homogenate in order to reduce toxicity (20,21). We were successful in
this approach and able to activate the proteratogen, cyclophosphamide into
its embryotoxic and teratogenic form as measured by FETAX (19,20). We used
cyclophosphamide in the development of uninduced rat liver microsome system
for FETAX. Cyclophosphamide is one of the consensus compounds listed by
Smith et al. (22) for use in validating in vitro teratogenesis assays.
That cyclophospha.ide requires metabolic activation for its teratogenicity
has recently been shown using rat embryos cultured in vitro (23,24). We
duplicated these experiments with FETAX to facilitate the development of our
metabolic activation system. A wealth of literature exists on not only the
metabolism of cyclophosphamide but also its mutagenic and teratogenic
potential (See: Mirkes (25) for review). This makes it much easier to
interpret results. Cyclophosphamide is easily soluble in water, eliminating
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the need for a carrier. Cyclophosphamide has now been adopted in our lab as
a positive control to prove that each microsomal preparation is active.

Rat liver microsomes were prepared essentially by the method of Kitchin
and Woods (20) and the method of preparation is presented in the Appendix
(Section #1). Our chief contribution to the preparation and use of these
microsomes in FETAX was the use of bovine serum albumin in reducing residual
Aroclor to a level that does not affect experimental results and in the
standardization of the amount of microsomal activity so that experiments
could be repeated reliably (19). We have also established that microsomal
activity lasts for five hrs at 240 C.

After developing the in vitro MAS for FETAX, a validation program
was initiated to prove that the system yield the expected results.
Proteratogens, such as cyclophosphamide, should increase in developmental
toxicity upon bioactivation while others should be reduced. FETAX results
using direct-acting developmental toxicants shauld not change upon addition
of the in vitro MAS. Besides cyclophosphamide, we have also tested the
proteratogens 2-acetylaminofluorene, rifampicin and benzo(a)pyrene in FETAX
and obtained clear evidence of bioactivation for each (26). Both nicotine
and cytochalasin D are examples of compounds that are inactivated by an in
vitro MAS and we obtained similar results in FETAX (26,27). Lastly, we
have already used ZnSO as an example of a compound that should be
unaffected by the MAS an obtained the expected results in FETAX (26). With
Zn we had questioned whether or not rat liver metallothioneins would bind to
the zinc and reduce its toxicity. This did not turn out to be a problem.
Lastly, we have tested dilantin as an example of a compound that has both
direct-acting and possibly developmentally toxic intermediates (28). Using
specific inhibitors of P-450 enzymes, we were able to show that dilantin
caused developmental toxicity in its parent form and that there was evidence
for toxic intermediate but that the primary metabolites were not as toxic as
the parent compound.

We did try to use Xenopus hepatocytes in a co-culture with Xenopus
embryos as an alternate in vitro MAS. An advantage of using cultured
hepatocytes as a bioactivating system would be the continuous production of
the active metabolite as opposed to the use of rat liver microsomes where
activation is limited to approximately 5 hrs (although fresh additions are
made daily) . However, Xenopus hepatocytes do not have as much inducible
cytochrome P-450 as do rat liver microsomes and rat hepatocytes cannot be
used because of the tonicity differences between amphibian and mammalian
cells. Cell culture is far more expensive and technically demanding than the
use of rat liver microsomes. Further, there are problems in plating an exact
number of hepatocytes so that the generation of teratogen from proteratogen
is repeatable. It must be remembered that every in vitro metabolic
activation system has advantages and disadvantages and that no universally
accepted system now exists that duplicates human metabolism.

At present, we feel that the use of Aroclor 1254 induced rat liver
microsomes as an in vitro metabolic activation system for FETAX offers
great promise. Additional validation compounds must be tested to ensure that
there are no surprises that may affect testing results. However, assuming
that there are none we feel that the MAS will greatly enhance the predictive

accuracy of FETAX and extend the utility of the assay.
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. Military Significance

As stated in the USAMRDC Broad Agency Announcement, the proposed bioassay

would fall under the area of Section C. Army systems hazards. This would

include both health hazards of military material (part 2) and military
environmental quality (part 4). Virtually any compound or mixture that is or

can be made water soluble can be tested by FETAX for developmental effects.

FETAX is an alternative which offers some short and long-term solutions
to current problems associated with developmental hazard evaluation. The

problems are: increasing regulatory requirements, test cost, test duration,
and r .e reduction in the use of mammals in research. Existing in vivo

mam' lian test systems are effective for the testing of drugs and cosmetics
but ce too lengthy for the sc:eening of water samples and other complex
mixtures. In addition, the number of chemicals in production which require
testing is increasing at a faster rate than is feasible to handle with in
vivo test systems. Animal rights groups have increased pressure to slow
down or halt the use of mammalian in vivo test systems. These events
have produced a climate which favors the use of alternative test systems for
eventual refinement, reduction, and replacement of in vivo assays. In a
study c.Jnducted for NIH, the National Academy of Sciences .ecently concluded
that the development and use of lower form models for toxicity testing should
be emphasized (29). Tighter restrictions will limit the use of in vivo
assays and increase costs associated with their performance. The Office of
Technology Assessment for the United States Congress has recently completed
an assessment of the use of animals in testing, research, and education (30).
Congressional options emanating from this study include support for the
further development and use of in vitro test systems when appropripte.

Cost-effective, yet developmentally relevant, tests are urgently needed
to allow the detection of developmental toxicants in the environment and to
assess the developmental toxicity of pure compounds and drugs. FETAX offers

the advantage of detecting the toxicity and teratogenicity of complex
environmental mixtures where the individual action of each component may be
known but the combined action cannot be predicted.

Because of its position on the phylogenetic scale, Xenopus provides
the highest degree of developmentally relevant endpoints compared to other
in vitro teratogenesis assays such as cell culture, planarian, fruitfly,
and Hydra systems. The costs of performing the above mentioned tests are
similar, except for cell culture which is higher. Xenopus can be
considered a high cor',ectivity model due to the amount of biological
information available on this species (29). There is a good chance that

observations made on this species can be connected to data from other
organisms, including man. Xenopus has been a standard lab animal for
numerous developmental studies and the Xenopus oocyte is a commonly used
biomedical model. Consequently, much is known about the frog's morphology,
physiology, and biochemistry. This cannot be stated for many of the
alternative systems. Xenopus can be bred throughout the year and provides
numerous offspring in order to facilitate statistical analysis. Because
development is external, the speed of data collection is enhanced. The lack
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of a placental relationship is a disadvantage, but this problem is shared
with other emerging in vitro teratogenesis assays.

The research plan we followed was designed to improve and evaluate the
FETAX system and to critically test the assumption that FETAX can adequately
detect mammalian teratogens. Successful efforts in developing a reliable

metabolic activation assay for Xenopus embryos may provide a viable adjunct
to in vivo mammalian assays. The need for representative metabolism is
considered a requirement for adequate use of in vitro systems in
screening potential teratogens (8). A bioactivation system improved the
predictive capability as well as enhanced the usefulness of the FETAX test.
The assay at present appears capable of detecting over 85% of the teratogens
from a moderate group of chemicals (including proteratogens) with few false
positives. Since evidence indicates that metabolic activation probably plays
a ro'e in teratogenesis (30, 31), much the same as in carcinogenesis, the
proposed efforts are indeed significant.

Methods of Approach

1. Validation

We predict that FETAX will perform at the 85% level in terms of its
sensitivity and specificity when tested with compounds whose mammalian and
human developmental toxicity are known. Controversy does exist about how
best to conduct validation steadies in this area. The list of compounds
published by Smith et al. (22) in 1983 has merit but it has been criticized
by many as being too small and weighted toward positives likely to cause
teratogenic insult in virtually all species. Additionally, some compounds
were listed based on experiments that used routes of administration such as
inhalation. We feel this list has been much maligned but that it still as a
reasonable starting point for a validation study so long as its limitations
are accounted for. Marshall Johnson (32) feels that in vitro
teratogenesis testing data should be compared to segment II studies performed
with rats. This idea has merit but many of these studies have been performed
for the FDA and the results are not made public. Nigel Brown (33) has
recommended that testing be done "in the blind" and we have done this for the
validation compounds listed in Table 1. Lastly, some believe that the only
proper method of comparing the predictive accuracy of validation studies is
to perform mammaliaa tests in conjunction with in vitro tests. Obv'.ously
thi is the method of ctioice were it not for the ruinous cost associated with
mammalian tests requiring a dose-response effect. In selecting compounds for
testing we consider the Smith et al. list, Shepard's "Catalog of Teratogenic
Agents" (34), Segment II data gleaned from the literature and any other
studies published by good researchers in the field of mammalian teratology.
This is a compromise approach but one which we feel has been successful to
date. When a compound fails to perform as expected we try the assay again
using the rat liver MAS to see if bioactivation or deactivation affected
results.

No rules exist as to how many compounds need to be tested before an assay
is "acceptable" to regulatory agencies. The Chernoff mammalian teratogenesis
screen has been tested with > 150 compounds (See:Teratogenesis,
Carcinogenesis and Mutagenesis Vol. 7(1)). FETAX has undergone validation
with 90 compounds although the results from 40 compounds have not yet been
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published by Dumont because he has left the field (J.N. Dumont personal

communication). Dumont did not use the renewal procedure and left the jelly

coats on the eggs. These differences in procedure from the ASTM guide

necessitate additional testing to further validate the test using the same

methodology. The standard FETAX protocol has been provided in section II of

the Appendix. Any substantive modifications of this procedure made at future

ASTM meetings will be adopted although it is unlikely that this will occur

based on the results of the first subcommittee ballot.

Successful validation of FETAX using the compounds proposed will allow

its use as an in vitro teratogenesis screening assay. Final acceptance

of the assay will depend on a high degree of predictability probably at the

85% level. As of this writing FETAX is now performing at this level.

Section 5 of Results and Conclusions (FETAX Literature) gives -ne details

of the FETAX Assay in ASTM New Standard Guide format.

Solvent Interaction Study

The solvents and test compounds for this study are listed in Table 2. To

date triethylene glycol, acetone and dimethyl sulfoxide are among the best

candidates to assist in solubilizing nonpolar compounds so that they can be

tested. Triethylene glycol is the least toxic and teratogenic but it is not

as good a solvent as the other two. Acetone is a good solvent but its TI is

slightly high. Dimethyl sulfoxide seems to be the best solvent available.
n previous tests, concentrations of solvent at the NOEC had no effect on the

activity of the in vitro metabolic activation system employing rat liver

microsomes. The four tests compounds listed in Table 2 have been used to

show how much the inclusion of solvent to the FETAX protocol affects test

results. Financial support for finding the 96-hr LC50, 96-hr EC50

(mallormation) and MCIG for each compound was provided from another source.

Dose-Response curves for mortality and malformation have been derived for

each test compound and solvent. Experiments were conducted by starting at

the 96-hr LC25 and EC25 (malformation) for each test compound. One series of

experiments were performed at the highest no observable effect concentration

(NOEC) for each solvent. A second series of experiments were performed at

the 96-hr LC25 and EC25 (malformation) for each solvent and test compound.

The appropriate control was the test compound in water only. Positive

interactions between the solvent and test compound were observed and were

greater than simple additive effects. If there was a negative interaction,

then mortality, malformation and growth effects would be less. These

negative interactions were observed in this study. For each experiment there

were four dishes of 25 embryos each in FETAX solution as controls. Analysis

of data and statistics were as previously published for FETAX interaction

studies (35).

3. Metabolic activation

We are trying to answer the question of whether we can develop and

validate an in vitro metabolic activation system for FETAX using Aroclor

1254 induced rat liver microsomes that closely simulates mammalian

metabolism. Although it will not be the same type of metabolic activation
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system as found in humans, it should be close enough to detect most mammalian
and human proteratogens.

The "Atlas of Abnormalities" (Section 5) details our method of making
microsomes and how we standardize the units of P-450 activity. Now that we
have developed this method, we are actively engaged in validating the use of
these microsomes and fine tuning the procedure for maximum efficiency. We
have selected an additional set of 5 compounds to test in this study. Two
compounds require activation for a developmentally toxic effect, two are
direct-acting teratogens and a third compound appears to be a negative that
is not activated (Table 3). Our plan is to perform two experiments on each
compound with and without in vitro metabolic activation system. Because
of the complexity of these experiments only 20 embryos per dish were used
instead of the standard 25. Dose-response curves for mortality and
malformation were compared as well as Teratogenic Indices (Ts). The
relative changes in the 96-hr LC and EC50s indicated whether any
bioactivation or inactivation occurred. Similarly, growth curves can be

compared to determine whether metabolic activation was required. Compounds
listed on Table 1 were tested using the in vitro MAS if they did not
perform as expected in the standard FETAX assay. In these cases tests were
run only at the direct-acting 96-hr LC and EC50 concentrations. Increases or
decreases from the 50% median effect levels (mortality and malformation)
served as an indication as to whether the microsome-treated embryos differed
from controls due to metabolism.

4. Atlas of Abno-malities

The manual will be provided to the Army, Army contractors and other
individuals gratis until the supply is exhausted. Postage and handling
charges will be the only cost borne by the new user. No royalties will
accrue to the PI.

The manual covers mating the frogs, staging of embryos, diseases of
adult frogs and their remedies and, lastly, all the major malformations.
Part icular emphasis was placed and judging slight malformations as this
affecti the scoring of the malformation endpoint the greatest. We saved all
the embryos from each experiment and have gone through them looking for each
different type of malformation. Color negatives were made and all of the
negatives were first printed in black and white. We then arranged the best
micrographs and selected which need to be presented in color and which were
presented in black and white. These micrographs were then pasted up and the
legends added. Dr. James Dumont and our COR, Dr. Robert Finch, then
commented on each chapter. After revisions, the Atlas was peer-reviewed by
the Army. Finally, it was sent to the publications department of Oklahoma
State University for processing and printing.

5. Comparative Sensitivity of FETAX

In this study, we compared FETAX with a modified fathead minnow assay.
Previous comparisons of FETAX with other amphibian and fish assays were all
faulted by differing environmental conditions. However, in order for FETAX
to be compared with the fathead minnow assay, we had to lengthen the test to
5 days. We also had to establish a day/night cycle so that the minnows would
hatch. We carefully controlled all environmental parameters. Three
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compounds were tested. Each of these had previously been tested in the four

day version of FETAX so we knew which concentrations to use. We could also
assess whether the 5 day TI decreased from the 4 day TI (it did). Although

other fish species are know to be more sensitive than fathead minnows, we
feel that FETAX will be at least as sensitive as most other vertebrates in
use today.
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Forword to the Validation Section

We have divided the validation section into four phases. Each phase was

performed by a different investigator who worked in Dr. Bantle's laboratory.
We kept the data separate in case it became necessary to reanalyze data at a
later date due to possible variation in judging abnormalities. Phase I was
performed by P.K. Work with help form Shirley Bush. Phase II was conducted
by Donna DeYoung and Phase III by James Rayburn. Phase IV was performed by

Lynne Homer with help from Mendi Hull. Although the investigator was
different, the methodlology employed was the same throughout the study.
Typical raw data summary sheets are provided at the end of the validation
section.
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Results
1. Validation

A.) Phase I

Table 1 shows the validation data collected to date. When a compound is
tested in FETAX, range finding experiments are first conducted in order to
determine the best concentrations of toxicant to use in establishing
mortali ly and malformation dose-response curves. The results of these tests
are not present in Table 1. After the proper concentration ranges are
selected, then at least three definitive tests are performed in the blind.
In practice, Mr. Doug Fort labeled the compounds A, B, C, etc. and handed
them to the technician who then conducted the assay. The technician worked

under high hazard containment at all times as she did not know the identity
of the test compound. It must be remembered that the dose-response curves
presented only show the data points (50 embryos per data point) used in
constructing the dose-response curve. In practice there were many additional
concentrations tested in each experiment.

The compounds selected for testing were Amaranth, Aspartame,
5-Azacytidine, Methotrexate and d-Psuedoephedrine. Based on the mammalian
literature, 5-Azacytidine and Methotrexate were thought to be positives while
the other compounds were thought to be negatives. In the case of
Psuedoephedrine, the in vitro metabolic activation system was used
because results were not as anticipated. This data and its comparison to

controls is listed in the last ro, of Table 1.

Amaranth: Amaranth (Red food dye #2) is a compound listed by Smith et
al. (22). It has generally been shown to be a nonteratogen in mammalian and
human studies. Shepard (34) lists 4 studies on Amaranth with only one report
dissenting from the conclusion that Amaranth is a not a developmental
toxicant. Amaranth is compound that has been independently tested in FETAX
before by both Sabourin and Faulk (14) and James Dumont (Oak Ridge National
Labs-personal communication). They found that Amaranth was a negative as
well. We repeated their work with this compound in order to estimate the
reliability and repeatability of FETAX and to detect any co-validation
problems early on with FETAX. It must be remembered that both Sabourin and
Faulk and Dumont both performed FETAX slightly differently than the ASTM
Guide.

Table I shows that Amaranth is clearly not a developmental toxicant.
The average TI was 0.99 and the MCIG (minimum concentration that
statistically inhibits growth at P=0.05) averaged 3.58. This was even
greater than the average LC50 of 3.39. Development toxicants generally
inhibit growth at concentrations far less than the 96-hr LC50. Figures 1, 3
and 5 show the dose-response curves for all three definitive experiments.
While not superimposable, it is clear that the results pointed to the same
conclusion. Figures 2, 4 and 6 show that there is little effect on growth
regardless of the concentration used. Plates IA and IB show micrographs of
larvae exposed to Amaranth continuously for 96 hr. PlaLe 1 is blurred
slightly because this micrograph was taken before we got a vibration mount
for our photomacroscope. Nonetheless, the micrographs show that only
concentrations well above the 96-hr LC50 cause malformation. Strong
teratogens affect development at concentrations far below the 96-hr LC50.
Even at high Amaranth concentrations, the malformation are not severe. We
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conclude that Amaranth was not a developmental toxicant in FETAX and this
agrees with the vast majority of mammalian literature.



page 20

Bantle, John A.
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Figure 1. 96-h Mortality and Malformation Dose-Response Cur~es for Amaranth,
Defintitive Test #1. The curve includes only those points used in producing
the dose-response curve although other concentrations were tested as well
(See: Appendix). Each point represents 50 embryos for each concentration.
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Figure 2. 96-h Growth Dose-Response Curve for Amaranth, Defintitive Test #1.
The plot shows the % of control versus the % of the 96-h LC5O. Strong
teratogens often cause reduction in growth at very low percentages and the
slope of the line is very steep. A strong teratogen can cause embryos to
become only 45% of control length at ligh concentrations.



page 22

Bantle, John A.
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Figure 3. 96-h Mortality and Malformation Dose-Response Curves for Amaranth,
Defintitive Test #2. The curve includes only those points used in producing
the dose-response curve although other concentrations were tested as well
(See: Appendix). Each point represents 50 embryos for each concentration.
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Figure 4. 96-h Growth Dose-Response Curve for Amaranth, Defintitive Test #2.

The plot shows the % of control versus the % of the 96-h LC50. Strong

teratogens often cause reduction in growth at very low percentages and the

slope of the line is very steep. A strong teratogen can cause embryos to

become only 45% of control length at high concentrations.



page 24

Bantle, John A.

AMARANTH 38 8 MALFORM/ATION
ORTUnTY

7

Uo"M

w5

4 O 0V) I

3

1.0 10.0
CONCENTRATION (MG/LL)

Figure 5. 96-h Mortality and Malformation Dose-Response Curves for Amaranth,
Defintitive Test #3. The curve includes only those points used in producing
the dose-response curve although other concentrations were tested as well
(See: Appendix). Each point represents 50 embryos for each concentration.
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Figure 6. 96-h Growth Dose-Response Curve for Amaranth, Defintitive Test #3.
The plot shows the % of control versus the % of the 96-h LC50. Strong
teratogens often cause reduction in growth at very low percentages and the
slope of the line is very steep. A strong teratogen can cause embryos to
become only 45% of control length at high concentrations.
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Plate lA. Effects of Different Concentrations of Amaranth on
Xenopus Development. Control embryos achieved Stage 46 at the end
of the 96 h exposure period. Ventral view presented to show effect
on gut coiling. From top to bottom: control, 2.5 mg/ml, 4.25 mg/ml,
5 mg/ml.

-'I A.~

Plate lB. Effects of Different Concentrations of Amaranth on
Xenopus Development. Control embryos achieved Stage 46 at the end
of the 96 h exposure period. Side view presented to show effect on
brain, eye and spinal cord. From top to bottom: control, 2.5 mg/ml,
4.25 mg/ml, 5 mg/ml.
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Aspartame: (Nutrasweet- an artificial sweetner) is another water
soluble compound that is not a developmental toxicant (34). It is not on the

Smith list. Table 1 shows that is was essentially nontoxic even at
concentrations approaching its limit of solubility in water. In the third
definitive experiment, we were able to derive a TI of 1.1 for Aspartame by
extrapolating the data to the 50% effect levels. This result is compatible
with the shapes of the mortality and malformation dose-response curves seen
in Figures 7, 9 and 11. The slope of the dose-response curve is very gradual
and the two curves are very close to one another. All three
growth-inhibition curves (Figs. 8, 10 and 12) are consistent and suggest that
while growth inhibition with Aspartame is greater than Amaranth, it is still

not a serious growth inhibitor. Plate 2B shows that Aspartame does cause
more severe malformations than Amaranth. However, it does take high
concentrations around 7-8 mg/ml to cause these malformations. When they
occur, virtually all organ systems of the body are affected with equal
trequency. Rupture of the eye is common at the higher concentrations.
Cardiac and gut malformations are common over wide concentration ranges but
curvature of the spine seems to occur only at the highest concentrations.
Aspartame is still a negative because of its low TI and its limited effect on
development but it is more embryotoxic, teratogenic and growth inhibiting
than Amaranth.

0
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Figure 7. 96-h Mortality and Malformnation Dose-Response Curves for Aspartame
Defintitive Test #1. The curve includes only those points used in producing
the dose-response curve although other concentrations were tested as well
(See: Appendix) . Each point represents 50 embryos for each concentration.
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Figure 8. 96-h Growth Dose-Response Curve for Aspartame Defintitive Test #1.
The plot shows the % of control versus the % of the 96-h LC50. Strong
teratogens often cause reduction in growth at very low percentages and the
slope of the line is very steep. A strong teratogen can cause embryos to
become only 45% of control length at high concentrations.
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Figure 9. 96-h Mortality and Malformation Dose-Response Curves for Aspartame
Defintitive Test #2. The curve includes only those points used in producing
the dose-response curve although other concentrations were tested as well
(See: Appendix). Each point represents 50 embryos for each concentration.
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Figure 10. 96-h Growth Dose-Response Curve for Aspartame Defintitive Test #2.
The plot shows the % of control versus the % of the 96-h LC50. Strong
teratogens often cause reduction in growth at very low percentages and the
slope of the line is very steep. A strong teratogen can cause embryos to
become only 45% of control length at high concentrations.
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Figure 11. 96-h Mortality and Malformation Dose-Response Curves for Aspartame
Defintitive Test #3. The curve includes only those points used in producing
the dose-response curve although other concentrations were tested as well
(See: Appendix). Each point represents 50 embryos for each concentration.
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Figure 12. 96-h Growth Dose-Response Curve for Aspartame Defintitive Test #3.

,The plot shows the % of control versus the % of the 96-h LC50. Strong

teratogens often cause reduction in growth at very low percenfages and the

slope of he line is very steep. A strong teratogen can cause embryos to

become only 45% of control length at high concentrations.
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Plate 2B. Effects of Different Concentrations of Aspartame on
Xenopus Development. Control embryos achieved Stage 46 at the end
of the 96 h exposure period. Side view presented to show effect on
brain, eye and spinal cord. From top to bottom: control, medium
concentration, high concentration and very high concentration (near
total dead).



page 3 5

Bantle, John 
A.

5-Azacytidine: 5-Azacytidine is a potent teratogen (34, 36) because it
is an inhibitor of nucleic acid synthesis (9). It is not on th.. Smith list
but it causes effects similar to hydroxyurea and 5-Fluorouracil. The latte:
two compounds are on the Smith list as strong developmental toxicants in
animals. We did have some difficulty is performing definitive tests with
this compound. Table I shows that we were consistent in obtaining 96-hr LC50
values but that we did have problems scoring malformations at certain
concentrations and that there was some variability in effect for this
endpoint. The TI ranged from a low of 9 to a high of 42 indicative of a
strong teratogen (Table I). Figures 13, 15 and 17 show mortality and
malformation dose-response curves for 5-Azacytidine. The mortality curve is
clearly separate from the malformation curve and the fit of the data points
is excellent. This separation of the curves indicates the teratogenicity of
5-Azacytidine. The ffect of 5-Azacytidine on growth is shown in Figures 14,
16, and 18.

The growth inhibition curves shown in Figs. 16 and 18 are nearly
identical while Fig 14. is still consistent with the other two graphs. All
suggest that 5-Azacytidine is a strong teratogen because there is a
significant growth reduction at concentrations that are less than 20% of the
96-hr LC50 , a sharp slope in the curve and a greater than 20% decrease in
body length at the highest concentrations. All of these are good indicators
of a strong developmental toxicant that can inhibit growth.

Plates 3A-5B show the effect of 5-Azacytidine on embryo develooment.
All major organ systems seem to be equally involved and the malformations
even at relatively low concentrations (Plate 3B-0.06 mg/ml). There are few
eye malformations apd pigmentation of the eye appears normal. There may be a
slight tendency towards failure of the ventral choroid fissure to fuse.
There is a size reduction of the eye but it is correlated to body length so
it is not abnormal. There is a consistent upward bend to the tail (Plates
3A, 4B and 5A). The tendency towards severe malformations being caused at
low concentrations of toxicant is consistent with the hypothesis that
5-Azacytidine is a strong teratogen.
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Figure 13. 96-h Mortality and Malformation Dose-Response Curves for
5-Azacytidine Definitive Test #1. The curve includes only those points used
in producing the dose-response curve although other concentrations were
tested as well (See: Appendix). Each point represents 50 embryos for each
concentration.
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Figure 14. 96-h Growth Dose-Response Curve for 5-Azacytidine Definitive Test
#1. The plot shows the % of control versus the % of the 96-h LC50. Strong
teratogens often cause reduction in growth at very low percentages and the
slope of the line is very steep. A strong teratogen can cause embryos to
become only 45% of control length at high concentrations.
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Figure 15. 96-h Mortality and Malformation Dose-Response Curves for
5-Azacytidine Definitive Test #2. The curve includes only those points used
in producing the dose-response curve although other concentrations were
tested as well (See: Appendix). Each point represents 50 embryos for each
concentration.
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Figure 16. 96-h Growth Dose-Response Curve for 5-Azacytidine Definitive Test
#2. The plot shows the % of control versus the % of the 96-h LC5O. Strong
teratogens often cause reduction in growth at very low percentages and the
slope of the line is very steep. A strong teratogen can cause embryos to
become only 45% of controi length at high concentrations.
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Figure 17. 96-h Mortality and Malformation Dose-Response Curves for
5-Azacytidine Definitive Test #3. The curve includes only those points used
in producing the dose-response curve although other concentrations were
tested as well (See: Appendix). Each point represents 50 embryos for each
concentration.
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Figure 18. 96-h Growth Dose-Response Curve for 5-Azacytidine Definitive Test
#3. The plot shows the % of control versus the % of the 96-h LC5O. Strong
teratogens often cause reduction in growth at very low percentages and the
slope of the line is very steep. A strong teratogen can cause embryos to
become only 45% of control length at high concentrations.
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Plate 3A. Effects of Different Concentrations of 5-Azacytidine on
Xenopus Development. Control embryos achieved Stage 46 at the end
of the 96 h exposure period. Side view presented to show effect on
brain, eye and spinal cord. From top to bottom: control, 0.06 mg/ml,
0.3 mg/ml, 0.8 mg/ml.

Plate 3B. Effects of a Low Concentration of 5-Azacytidine on
Xenopus Development. Control embryos achieved Stage 46 at the end
of the 96 h exposure period. Enlarged side view presented to show

effect on brain and eye region. Embryo exposed to 0.06 mg/ml
5-Azacytidine.
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Plate 4A. Effects of a Medium Concentration of 5-Azacytidine on

Xenopus Development. Control embryos achieved Stage 46 at the end

of the 96 h exposure period. Enlarged side view presented to show

effect on brain and eye region. Embryo exposed to 0.3 mg/mI

5-Azacytidine.

Plate 4B. Effects of a High Concentration of 5-Azacytidine on

Xenopus Development. Control embryos achieved Stage 46 at the end

of the 96 h expt. ure period. Enlarged side view presented to show

effect on brain and eye region. Embryo exposed to 0.8 mg/ml

5-Azacytidine.
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Plate 5A. Effects of Different Concentrations of Methotrexate on

Xenopus Development. Control embryos achieved Stage 46 at the end

of the 96 h exposure period. Refer to Plate 4A for control embryo.

Side view presented to show effect on brain, eye and spinal 
cord.

From top to bottom: 0.01 mg/ml, 0.05 mg/ml, 0.5 mg/ml.

[ ,J -1 I-. - .

I.. ' I 
_

Plate 5B. Effects of a Low Concentration of 5-Azacytidine on

XenoPUS Development. Control embryos achieved Stage 46 at the end

of the 96 h exposure period. Enlarged side view presented to show

effect on brain and eye region. Embryo exposed to 0.01 mg/mI

Methotrexate.
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Methotrexate: Methotrexate is a non-variable positive teratogen that
acts as a folic acid antagonist and a nucleic acid synthesis inhibitor. It
is listed on the Smith list (22) as a positive in both human and animal
studies. This assessment is confirmed by all of the citations listed in
Shepard (34). Sabourin and Faulk (14) obtained a TI between 1.6-2.5 in FETAX
while Dumont obtained a TI of 5.94. We obtained a TI of 43 in the first
range test and 23 in the first definitive. We just completed a second
definitive test on Methotrexate this week and obtained a TI of 17 with
excellent dose-response data. These values are higher than that of Dumont

who reported a TI 5.94 for methotrexate. Figures 19 and 21 show the
mortality and malformation dose-response curves for Methotrexate. The curve

for Fig 19 is a range finder so the points on the curve are few in number and
widely separated. The indication is clear from both Figures that there is a
wide separation between the two curves. This separation is borne out by the
high TI value and suggests that Methotrexate is a strong teratogen.

Growth inhibition by Methotrexate is shown in Figs. 20 and 22. As in
the case of 5-Azacytidine, there is a significant growth reduction at
concentrations that are less than 20% of the 96-hr LC50, a sharp slope in the
curve and a greater than 20% decrease in body length at the highest
concentrations. All of these characteristics are good indicators of a strong
developmental toxicant that can inhibit growth.

Plate 6A and B shows the effect of both medium and high concentrations
of Methotrexate on Xenopus development at 96 hr. As is true for most

inhibitors of nucleic acid synthesis, most of the organs of the body are
affected. The eyes do not suffer great effects but reduced head size is
apparent along with facial malformations. Cardiac malformations are common
as is miscoiling of the gut. Plate 6B shows are very abnormal looking embryo
exhibiting an upward kinked tail and disrupted myomeres.
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Figure 19. 96-h Mortality and Malformation Dose-Response Curves for
Methotrexate Range Test #1. The curve includes only those points used in
producing the dose-response curve although other concentrations were tested
as well (See: Appendix). Each point represents 50 embryos for each
concentration.
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Figure 20. 96-h Growth Dose-Response Curve for Methotrexate Range Test #1.
The plot shows the % of control versus the % of the 96-h LC50. Strong
teratogens often cause reduction in growth at very low percentages and the
slope of the line is very steep. A strong teratogen can cause embryos to
become only 45% of control length at high concentrations.
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Figure 21. 96-h Mortality and Malformation Dose-Response Curves for
Methotrexate Definitive Test #1. The curve includes only those points used
in producing the dose-response curve although other concentrations were
tested as well (See: Appendix). Each point represents 50 embryos for each
concentration.
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Figure 22. 96-h Growth Dose-Resivonse Curve for Methotrexate, Definitive Test

#1. The plot shows the % of control versus the % of the 96-h LC50. Strong

teratogens often cause reduction in growth at very low percentages and the

slope of the line is very steep. A strong teratogen can cause embryos to

become only 45% of control length at high concentrations.
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Plate 6A. Effects of a Medium Concentration of Methotrexate on
Xenopus Development. Control embryos achieved Stage 46 at the end
of the 96 h exposure period. Enlarged side view presented to show
tb- effect on brain and eye region. Embryo exposed to 0.05 mg/ml
Methotrexate.

Plate 6B. Effects of a High Concentration of Methotrexate on
Xenopus Development. Control embryos achieved Stage 46 at the end
of the 96 h exposure period. Enlarged side view presented to show
the effect on brain and eye region. Embryo exposed to 0.5 mg/ml
Methotrexate.
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d-Pseudoephedrine: The reports listed in Shepard (34) suggested that

d-Pseudoephedrine was a negative. While Epinephrine, a related compound, was

a developmental toxicant, Ephedrine, a compound more closely related to
d-Pseudoephedrine, did not share this developmental toxicity. Table 1 shows

that without metabolic activation (first listing) the mean TI for

d-Pseudoephedrine was 1.8. We consider a compound having a TI value over 1.5
to have developmental toxicity and all three TI values listed in Table 1 are

above 1.5. Additionally, the 96-hr LC and EC50 values are very close to one
another indicating that we were able to precisely repeat these experiments.
The three mortality-malformation curves (Figs. 23, 25, and 27) for

d-Pseudoephedrine clearly show separation between them. The excellent fit of

the data points indicated that the regression lines accurately reflected the
dose-response curve. When we obtain results that were not anticipated, we

utilize our in viLro metabolic activation system employing rat liver

microsomes. The second listing for d-Pseudoephedrine shows the results from
a limited series of experiments. Without metabolic activation, we

essentially repeated the results of the first three experiments. The number

of data points did not allow us to confidently predict the TI. With

metabolic activation all of the mortality and malformation was eliminated

following d-Pseudoephedrine exposure. We interpret this data to mean that

d-Pseudoephedrine would not pose any particular problems in in vivo

mammalian experiments.

Figures 24, 26 and 28 show the grow inhibition data for
d-Pseudoephedrine. The shape of the curve is consistent for either

nonteratogen or a weak teratogen. Over the first 20% of the 96-hr LC50 the

growth inhibition is much less than 20%. The slope is not too steep compared

to Figure 22 for Methotrexate. The overall maximum reduction in growth for

d-Pseudoephedrine is about 30-35%. This is more typical of a weak teratogen

than a nonteratogen. All three growth inhibition curves are nearly

superimposable indicating good precision in the data.

Plates 7 and 8 show the effects of different d-Pseudoephedrine
concentrations on Xenopus development after 96 hr of exposure. Plate 7A

shows typical embryos from three separate concentrations of d-Pseudoephedrine

and a control embryo (top). The embryo from the 0.25 mg/ml concentration
shows the effects seen at about the 96 hr EC50 (malformation) (Plate 7b).

This embryo exhibits moderate malformations particularly in the head and face

regions and this was typical of most of the malformed embryos. Other typical

malformations in the concentration range were loose gut coiling and cardiac

edema. Many embryos showed blisters as well. In higher concentrations these
same abnormalities still dominated except that they were more severe. Plates

8A and 8B show the more severe malformations that occur at higher

concentrations. Note that 8A shows an embryo that exhibits failure of the
choroid fissure of the eye to fuse at the ventral aspect. Ocular and cardiac

edema are apparent. Plate 8B shows a ventral view of an embryo near the
96-hr LC50. The gut is distended and not well coiled. Ocular edema is

obvious and there are blisters near the anus.

In summary, d-Pseudoephedrine is a weak to moderate teratogen unless
there is metabolic breakdown present. It then rapidly loses much of its. embryotoxicity and teratogenicity. Without the metabolic activation system
d-Pseudoephedrine would have been scored as a false positive in FETAX.
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Figure 23. 96-h Mortality and Malformation Dose-Response Curves for
Psuedoephedrine Definitive Test #1. The curve includes only those points
used in producing the dose-response curve although other concentrations were
tested as well (See: Appendix). Each point represents 50 embryos for each
concentration.
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Figure 24. 96-h Growth Dose-Response Curve for Psuedoephedrine Definitive
Test #1. The plot shows the % of control versus the % of the 96-h LC50.
Strong teratogens often cause reduction in growth at very low percentages and
the slope of the line is very steep. A strong teratogen can cause embryos to
become only 45% of control length at high concentrations.
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Figure 25. 96-h Mortality and Malformation Dose-Response Curves for
Psuedoephedrine Definitive Test #2. The curve includes only those points
used in producing the dose-response curve although other concentrations were
tested as well (See: Appendix). Each point represents 50 embryos for each
concentration.
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Figure 26. 96-h Growtn Dose-Response Curve for Psuedoephedrine Definitive
Test #2. The plot shows the % of control versus the % of the 96-h LC50.
Strong teratogens often cause reduction in growth at very low percentages and
the slope of the line is very steep. A strong teratogen can cause embryos to
become only 45% of control length at high concentrations.
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Figure 27. 96-h Mortality and Malformation Dose-Response Curves for

Psuedoephedrine Definitive Test #3. . The curve includes only those points
used in producing the dose-response curve although other concentrations were

tested as well (See: Appendix). Each point represents 50 embryos for each
concentration.
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Figure 28. 96-h Growth Dose-Response Curve for Psuedoephedrine Definitive
Test #3. . The plot shows the % of control versus the % of the 96-h LC50.
Strong teratogens often cause reduction in growth at very low percentages and
the slope of the line is very steep. A strong teratogen can cause embryos to
become only 45% of control length at high concentrations.
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Place 7A. Effects of Different Concentrations of Pseudoephedrine on
Xenopus Development. Control embryos achieved Stage 46 at the end
of the 96 h exposure period. Side view presented to show effect on
brain, eye and spinal cord. From top to bottom: control, 0.25 mg/ml,
0.3 mg/ml, 0.5 mg/ml.

Plate 7B. Effects of a Low Concentration of Pseudoephedrine on
Xenopus Development. Control embryos achieved Stage 46 at the end
of the 96 h exposure period. Enlarged side view presented to show
the effect on brain and eye region. Embryo exposed to 0.25 mg/ml

Pseudoephedrine.
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Plate 8A. Effects of a Medium Concentration of Pseudoephedrine on
Xenopus Development. Control embryos achieved Stage 46 at the end
of the 96 h exposure period. Enlarged side view presented to show
the effect on brain and eye region. Embryo exposed to 0.3 mg/ml
Pseudoephedrine.

0 Plate 8B. Effects of a High Concentration of Pseudoephedrine on
Xenopus Development. Control embryos achieved Stage 46 at the end
of the 96 h exposure period. Enlarged ventral view presented to show
the effect on brain and eye region. Embryo exposed to 0.5 mg/ml
Pseudoephedrine.
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B. Phase II

Results

Validation

The developmental toxicity of five compounds was evaluated with the Frog
Embryo Teratogenesis Assay: Xenopus (FETAX) and the results were compared
to mammalian literature. Small cell xenopus laevis blastulae were exposed to
ascorbic acid, sodium selenate, coumarin, serotonin ana 13-cis retinoic acid for
96 hr. Three separate static-renewal assays were conducted for each compound.
Teratogenic potential of the test materials was determined based on Teratogenic
Index values [TI =LC50/EC50 (malformation)], types and severity of induced
malformations and embryo growth. Ascorbic acid had little or no teratogenic
potential. Sodium selenate and coumarin tested as having moderately positive
teratogenic potential. Serotonin scored as having moderately strong teratogenic
potential and 13-cis retinoic acid scored as having strong teratogenic potential.
Results were consistent with mammalian data and support the use of FETAX for
the screening of developmental toxicants.

At least one range and three definitive concentration-response tests were
conducted for each compound. Tests run separately by different technicians
were analyzed together statistically. The pH of all co ipounds tested was
between 7.0 and 8.0. Throughout the test embryos were cultured at 240 C +1.

Final results from the definitive tests with FETAX are presented in Thble 4.
Representative concentration-response and growth-inhibition curves for the

five compounds are illustrated in Figures 1 and 2, respectively.
In this investigation the FETAX solution control mortality and malforma-

tion rates were 44 of 1300 (3.4%) and 72 of the 1256 survivors (5.7%),
respectively. Control data for dimethyl sulfoxide, the solvent used in the testing
of coumarin, was 1 of 130 (0.8%) for mortality and 5 of 129 survivors (3.8%)
for malformation. Acceptable rates of control mortality and malformation are
generally < 10%.

FETAX determines teratogenic potential by comparing TI values,
embryo growth, and the type and severity of induced malformations. In
general, TI values < 1.5 indicate low teratogenic potential and higher values
indicate an increase in the potential hazard. 2 4 '8 2 With higher TI values, the
mortality and malformation dose-response curves become separated and the
potential for the production of deformed embryos in the absence of lethality
increases .In this investigation ascorbic acid exhibited an overlapping of the

curves as presented in Figure 29 .It is, therefore, considered embryolethal at
high concentrations and is not a potential teratogen. Sodium selenate and
coumarin represent compounds with increasing separation of the curves and

0
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TABLE 4.
Developmental Toxicity of Five Compounds Tested with FETAX

Compound Test# 1C5Qa EC50a 11 MCIGI MCIGC

Ascorbic acid 1 19.2 11.6 1.7 10.0 52
(17.8-20.7) (10.2-13.2)

CAS 50-81-7
2 20.3 12.8 1.6 10.0 49

(18.7-21.9) (12.4-13.3)

3 19.6 12.0 1.6 10.0 51
(18.9-20.3) (10.4-13.8)

Sodium selenate 1 0.017 0.006 3.0 0.014 82
(0.016-0.017) (0.002-0.013)

CAS 13410-10-0
2 0.019 0.007 2.8 0.006 32

(0.017-0.019) (0.006-0.008)

3 0.027 0.009 3.1 0.008 30
(0.026-0.029) (0.006-0.012)

Coumarin 1 0.15 0.038 4.0 0.01 7
(0.14-0.15) (0.025-0.059)

CAS 91-64-5
2 0.14 0.038 3.5 0.05 36

(0.13-0.14) NA

3 0.10 0.045 2.2 0.04 40
NA (0.037-0.055)

Serotonin 1 2.74 0.35 7.8 0.25 9
(2.55-2.93) (0.19-0.66)

CAS 153-98-0
2 3.27 0.39 8.4 0.60 18

(3.18-3.36) (0.21-0.72)

3 3.21 0.48 6.7 1.00 3
NA (0.43-0.54)

li-cis Retinoic -
acid I 37x106  3x10-6  18.8 7410 6  19

(25-574106) (2-34106)

CS45-82 2 184106  2x10-6  9.2 20 x106  NA
(16-22x10-6) (1-3xl10 6)

3 364106  4x10-6  10.1 10x10-6  28
(34-37x10-6) (3-4x10 6)

a mg/mi with (95% confidence interval).
b Minimum Concentration to Inhibit Growth as mg/L.
c Minimum Concentration to Inhibit Growth as a percent of LC5O.
NA Not available.
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potential teratogenic hazard. Serotonin and 13-cis retinoic acid exhibit even
wider separation of the curves, and are examples of compounds with strong
teratogenic hazard. Because all chemicals are potential teratogens if
administered in appropriate doses at sensitive stages of development 7, it is
important to consider the types and severity of t -rata and the concentrations at
which they occur. Compounds with TI values < 1.5 may pose a hazard to
developing organisms, possibly as embryotoxins.

Developmental toxicity may also be assessed by considering the MCIG
(expressed as % compound LC50)14'4 10. Rates of growth inhibition (i.e. slope)
and overall reduction in embryo growth vary with the severity of the teratogen.
Dawson et al.4 suggest that compounds with significant teratogenic potential
generally inhibit growth at concentrations < 30% of the respective LC50
values. Ascorbic acid begins to inhibit growth at > 50% of the LC50. Sodium
selenate and coumarin cause inhibition between 28 and 48% of the LC50.
Serotonin and 13-cis retinoic acid cause inhibition between 10% and 16% of
each particular LC50. In addition, serotonin and 13-cis retinoic acid with the
highest TI values show a sharper decrease in slope compared to the other
compounds. This characteristic is presented in Figure 30by the growth-
inhibition curves.

The five compounds presented here have been selected as part of the
validation process of FETAX because of the availability of mammalian literature
for each'81 9. Although FETAX results cannot be directly extrapolated to
mammalian developmental toxicity tests, comparisons are.beneficial in order for
FETAX to be useful as a screening assay.

The results of this study indicate that all five compounds agree with the
majority of mammalian literature available regarding terato enicity. Ascorbic
acid, cited as a negative teratogen in mammalian literature" , tested negative
in FETAX. Sodium selenate and coumarin, variable positives in mammalian
literature23 31'32 38, tested positive in FETAX. Serotonin and 13-cis retinoic
acid, listed as positives in mammalian literature39 41 42"44, tested positive in
FETAX. Overall, FETAX currently has a predictive accuracy of 89%
including compounds tested with metabolic activation.

1. Ascorbic acid

The most common malformation induced by ascorbic acid was failure of
the gut to coil. At concentrations > .0 mg/ml loose gut coiling was common
along with slight musculoskeletal kinking. At concentrations > 13 mg/ml
facial, eye and brain malformations were noted. Growth was stunted and severe
malformations of the gut, musculoskeletal system, face, eye and heart occurred
at concentrations > 19 mg/ml.

Ascorbic acid which tested negative in FETAX, has been tested with

0
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mice, rats and rabbits in studies following FDA Segment II guidelines. No
effects were observed in rats up to 500 or 1000 mg/kg/dy0 -2 . No effect was
observed in mice up to 1000 mg/kg2'or in rabbits up to 500 mg/kg/dy2 °.
Frohberg et al.2' administered up to 1000 mg by mouth to pregnant mice and
rats on days 6-15 with no adverse effects found. In fact, ascorbic acid
(ascorbate) has been found to protect against the embryolethality of
N-acetoxy-2-acetylaminofluorene and 2-nitrosofluorene (NF), and decreased the
number of flexure abnormalities caused by NF in a rat whole embryo culture
system2 .

2. Sodium Selenate

Sodium selenate at concentrations > 0.002 mg/ml resulted in embryos
with edema and malformations of the gut, heart and face. Blistering was
evident at concentrations > 0.012 mg/ml.

FETAX results for sodium selenate also agree with the majority of
mammalian literature reports. As a potential teratogen it tested positive in
FETAX. Selenium induced malformations have resulted from livestock grazing
on seleniferous ranges. 24 Beath et al. 24 reported malformations in lambs
consisting of multiple cysts in eyes, microphthalmia and deformities of the
extremities. Similar effects were reported with horses25. However, early
laboratory studies with rats and cats fed a continuous diet of selenium did not
result in any malformations in the progeny" .

As a result of the interest in the Kesterson Reservoir and Kesterson
National Wildlife Refuge, Merced County, California, in which selenium
contamination was a factor, several developmental toxicity studies have
emerged. Sodium selenite and selenomethionine were tested in the laboratory
with mallards and malformations found included hydrocephal, microphthalmia,
lower bill and foot defects, edema and stunted growth". High rates of
embryonic mortality and abnormalities were also reported in wild aquatic bird
populations at Kesterson 2 2 . An in situ study was conducted using 10
species of mammals collected from Kesterson Reservoir and a low rate of
abnormalities was found.30 Nobunaga et al. 3' conducted a study with mice in
which the malformation rate of sodium selenite was not significantly different
from controls. Species differences in developmental toxicity caused by selenium
are apparent, however FETAX results agree with the species tested other than
rats and mice and further studies are needed.

3. Coumarin

Dimethyl sulfoxide (DMSO) was used as a solvent for coumarin at a
concentration less than 1.1 % v/v which has been found not to cause any adverse
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effects in FETAX. The possibility of interactions between DMSO and coumarin
causing altered rates of mortality and malformation cannot be completely dis-
counted.

Coumarin induced musculoskeletal kinking, loose gut coiling and
craniofacial malformations at concentrations > 0.01 mg/ml. Concentrations >
0.04 mg/ml induced craniofacial malformations consisting of a reduced head
size and downward tilting of the head. Edema, eye and gut malformations
occurred at concentrations > 0.07 mg/ml. The malformations mentioned above
became more severe at concentrations > 0.13 mg/ml.

Coumarin is a compound which also has conflicting reports in the
mammalian literature but is generally considered to be a developmental toxin,
especially for humans. Coumarin-induced abnormalities are known as the fetal
warfarin syndrome32 and the most consistent malformations in humans have
been described by Shaul and Hall 33 as nasal hypoplasia, stippling of the bones,
ophthalmologic abnormalities, intrauterine growth retardation and
developmental delay. When administered to mice, coumarin elicited a low
incidence of gross fetal malformations including cleft lip and cleft palate.34 A
study on rabbits and mice found that coumarin adversely affected normal
implantation and placentation, but no mention was made of any malformations.35

In a similar study by Hirsch et al.3 6 , rabbits exposed to coumarin gave birth to
stillborn fetuses with hemorrhages. One discrepancy between nonhuman and
human data may be due to the fact that in man and the baboon, coumarin is
metabolized to 7-hydroxycoumarin37 "38 but this metabolic pathway is relatively
minor in the rat. FETAX tested coumarin as a positive and in this case was a
better indicator of teratogenic hazard than some laboratory non-primate tests.

4. Serotonin

Serotonin caused minor malformations and stunting at most of the
concentrations tested. Embryos gradually became smaller, shorter in length and
less developed with blunter nose and looser gut coil. At concentrations > 1.0
mg/ml, microencephaly and blistering of the dorsal fin were noticed. Embryos
were severely stunted at concentrations > 3.0 mg/ml.

Serotonin tested positive in FETAX and agreed with mice, rat, and
human data that serotonin poses a teratogenic hazard. Defects reported in
laboratory mice include kidney, abdomen, eye, limb, tail, skull, brain and CNS
abnormalities.39 40 The teratogenic effects of serotonin in the laboratory rat
include anophthalmia, hydrocephalus, exencephaly, omphalocoele and
vacuolization of myocardial cells. 41 Reddy et al." reported evidence of the
effects of serotonin in human pregnancy.
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5. 13-Cis retinoic acid

Because of the relative insolubility of 13-cis retinoic acid, stocks were
prepared by measuring 1 mg into 1 L FETAX solution, stirring and filtering
with 0.45.um Millipore filter paper. The stock concentration was then
determined by spectrophotometry with a wavelength setting of 354 nm and
extinction coefficient of 39,800.14

13-cis retinoic acid caused loose gut coiling and musculoskeletal kinking
at concentrations > 0.5x10 6 mg/ml. Concentrations > 2.0x10 6 mg/ml
resulted in eye and brain malformations. Cyclopia, eye pigment ruptures,
edema, spinal kinking and craniofacial abnormalities were induced in
concentrations > loxlo mg/ml. Plates 9-11 show typical malformations.

The teratogenicity of 13-cis retinoic acid (Vitamin A) has been observed
in all species tested including rat, mouse, rabbit, monkey and also xenopus
laevis "4 2 "43 . Nervous system and craniofacial defects are the most common
terata reported. Human birth defects as a result of the use of 13-cis retinoic acid
are documented and described as a syndrome of central nervous system, aural
and cardioaortic defects44 . J.A.G. Geelen 42 has published a survey on
malformations reported in the literature for Vitamin A and its congeners. A
strong positive result in FETAX for 13-cis retinoic acid, confirms the advice
that this treatment for cystic acne should be avoided in pregnant women.
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PLATE 9 The Effects of Different Concentrations of 13-cis Retinoic
Acid on Xenopus laevis. Control embryos achieved stage 46 at the end of the
96-h exposure period. Side view presented to show effect on brain, eye, and
spinal chord. From top to bottom: Control, 1.00 ng/ml, 10.0 ng/ml and 40.0
ng/ml.

0 PLATE 10 Effects of 1.00 ng/ml 13-cis Retinoic Acid on Xenopus
development. Enlarged side view presented to show cranio-facial malformation
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PLATE 11 Effects of 10.0 ng/ml of 13-cis Retinoic Acid. This medium
concentration is presented to show the abnormal cranio-facial development that
is prevalent with this rompound.
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C. Phase III
Validation Study as part of the Solvent Interaction Study

Many insoluble compounds cannot presently be tested in FETAX unless it
is first dissolved in a carrier solvent. While it is possible to determine
the NOEC for solvents such as Triethylene Glycol, Acetone and Dimethyl
Sulfoxide, there is still a possible positive or negative interaction with
the test compound that could alter test results. There is ample evidence of
solvent interaction in the literature. Nelson et al. (37) showed that
ethanol reduced the number of neurochemical effects of 2-ethoxyethanol in
rats. Demey et al. (38) found that propylene glycol when used in a IV
nitroglycerin solution may cause hyperosmolality, hemolysis and lactic
acidosis. Gichner and Veleminsky (39) showed that 4-12% acetone, 4-16%
ethanol and 8-32% dimethylformamide potentiate the mutagenic activity of
N-methyl-N'-nitro- N-nitrosoguanidine in Arabidopsis thaliana seeds.
These findings make the present study imperative.

In order to conduct the solvent interaction study it was first necessary
to perform dose-response curves for each of the solvents to be used as
carriers and to obtain similar data for the compounds to "interact" with the
solvents. From these curves the NOEC and 96-hr LC25 and EC50 (malformation)
is estimated. It should be remembered that support for the latter
dose-response curves is from an Oklahoma Center for the Advancement of
Science dnd Technology grant so detailed data will not be presented here with
the exception of trans-retinoic acid in order to conserve space. On the
annual report, all of the data will be presented so that conclusions may be
drawn.

Triethylene glycol: Triethylene glycol (TG) is very similar to other
glycol derivatives but is not as toxic as them. Weyland (40) used it as a
vehicle for Benzo(a)pyrene. However, Weyland does not mention any
interaction with TG and Benzo(a)pyrene. TG is used as a drying agent for
natural gas, in the manufacture of vinyl plasticizers and as a solvent. TG
is not as toxic a solvent as DMSO or acetone in FETAX (Table 2). The mean TI
of 1.12 indicates that TG is not teratogenic. The mean 96-hr LC50 is 2.45
v/v% making it much less toxic than either Acetone or DMSO (Table 2). The
same is true for the 96-hr EC50(malformation) which has a mean of 2.15 v/v%.
Figures 31,33 and 35 show the 96-hr mortality and malformation dose-response
curves for TG. The lines are consistently superimposed on one another (or
nearly so) indicating a nonteratogen. Replicability is excellent and there
are many data points in the partial effects zone of 16-84% which suggests
that the data is reliable. Growth inhibition curves (Figures 32,34 and 3 6 )
are repeatable and indicate that TG is a nonteratogen because the are no
effects seen until concentrations are reached that are 50% of the 96-hr LC50
or greater. It is interesting that a 40% growth inhibition can be reached in
surviving embryos. Platesl 2 and 13 show that abnormalities are minor even at
concentrations of 2% (Platel2a &12b). This called a low concentration in
the plate legend but this refers to the other embryos exposed to higher
concentrations presented on the Plate. Concentrations of 1 to 1.5% TG would
be used as a carrier in FETAX as there are no observable malformations at
these concentrations and growth is not affected. At higher concentrations,
as shown in Platesl2andl3 , TG causes facial abnormalities and some shifting
in the position of the eye. Gut and heart coiling are impaired at higher
concentrations and little effect on the tail is seen. While TG proved to be
the least toxic and teratogenic of the proposed carrier solvents it is not
the best solvent -and will not carry all test compounds into solution.
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Figure 31. 96-h Mortality and Malformation Dose-Response Curves for
Triethylene glycol Definitive Test #1. The curve includes only those points
used in producing the dose-response curve although other concentrations were
tested as well (See: Appendix). Each point represents 50 embryos for each
concentration.
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Figure 32 . 96-h Growth Dose-Response Curve for Triethylene glycol Definitive
Test #1. The plot shows the % of control versus the % of the 96-h LC50.
Strong teratogens often cause reduction in growth at very low percentages and
the slope of the line is very steep. A strong teratogen can cause embryos to
become only 45% of control length at high concentrations.
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Figure 33. 96-h Mortality and Malformation Dose-Response Curves for
Triethylene glycol Definitive Test #2. The curve includes only those points
used in producing the dose-response curve although other concentrations were
tested as well (See: Appendix). Each point represents 50 embryos for each
concentration.
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Figure 34 . 96-h Growth Dose-Response Curve for Triethylene glycol Definitive

Test #2. The plot shows the % of control versus the % of the 96-h LC50.

Strong teratogens often cause reduction in growth at very low percentages and
the slope of the line is very steep. A strong teratogen can cause embryos to

become only 45% of control length at high concentrations.
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Figure 35. 96-h Mortality and Malformation Dose-Response Curves for
Triethylene glycol Definitive Test #3. The curve includes only those points
used in producing the dose-response curve although other concentrations were
tested as well (See: Appendix). Each point represents 50 embryos for each
concentration.
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Figure 36. 96-h Growth Dose-Response Curve for Triethylene glycol Definitive

Test #3. The plot shows the % of control versus the % of the 96-h LC50.

Strong teratogens often cause reduction in growth at very low percentages and

the slope of the line is very steep. A strong teratogen can cause embryos to

become only 45% of control length at high concentrations.
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Plate 12a. Effects of Different Concentrations of Triethylene Glycol
on Xenopus Development. Control embryos achieved Stage 46 at the
end of the 96 h exposure period. Side view presented to show effect
on brain, eye and spinal cord. From top to bottom: control, 2% v/v,
2.4% v/v, 2.7% v/v.

lA

3

Platel2b. Effects of a Low Concentration of Triethylene Glycol on
Xet.opus Development. Control embryos achieved Stage 46 at the end
of the 96 h exposure period. Enlarged ventral view presented to show
the ffect on cardiac and gut region. Embryo exposed to 2% v/v
Triethylene glycol.
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Plate 13a • Effects of a Medium Concentration of Triethylene Glycol
on XenoDus Development. Control embryos achieved Stage 46 at the
end of the 96 h exposure period. Enlarged ventral view presented to
show the effect on cardiac and gut region. Embryo exposed to 2.4
mg/ml Triethylene Glycol.

0 Plate 13b • Effects of a High Concentration of Triethylene Glycol on
Xenopus Development. Control embryos achieved Stage 46 at the end
of the 96 h exposure period. Enlarged side view presented to show
the effect on brain and eye region. Embryo exposed to 2.7 mg/ml
Triethylene Glycol.
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Acetone: Acetone can dissolve a large number of organic compounds but
it is volatile. Acetone has been shown to potentiate hepatotoxicity induced
by Trichloroethylene-carbon tetraciuloride mixtures (41). While acetone may
be the last solvent of choice, it may prove to be the only solvent that will
carry some test compounds into solution. Shepard (34) does not discuss the
developmental toxicity of Acetone.

Table 2 shows that the mean TI for Acetone is about 1.7. This is above

the cutoff of 1.5 for a nonteratogen. The mean 96-hr LC50 and EC50
(malformation) is 2.19 and 1.29 v/v% respectively and the experiments
replicated reasonably well considering the volatility of Acetone (Table 2).
Figure 37 shows a representative mortality and malformation dose-response
curve for Acetone. Note the obvious separation of the two curves wh'ch
indicates that Acetone has weak teratogenic potential. The minimum
concentration to inhibit growth was 1.25 v/v%. Figure 38 shows a
representative growth inhibition curve for Acetone which is flat over a broad
concentration range and then increasingly inhibits growth up to the 100% of
the 96-hr LC50 level. Even at this concentration, the embryos are only
inhibited about 20% of their growth. Plates '4and15 show the effect of
Acetone on Xenopus development. Plate 14 is a concentration series seen
from the side (14A) and ventral (14B) aspects. The embryo from the 0.9 v/v%
(second from top) exposure concentration shows essentially no difference from
the control (top). This would be near the final acetone solution
concentration that would be used if acetone was employed as a carrier
solvent. Plate 14 also shows that severe malformations occur only at about
2% concentration and that all organ systems are involved. Plate 15Ashows a
ventral view of an embryo exposed to 0.9% v/v Acetone. The only apparent
change from controls is a slightly reduced gut coiling. This should be
regarded not as a malformation but as a case of delayed development.
Exposure to clean water and time would probably correct this situation.
Plate 15B shows an embryo exposed to 1.5% v/v Acetone and there are
indications of stress at this concentration. The choroid fissure of the eye
has not yet completely fused at the ventral aspect and there is evidence of
edema in the ocular and cardiac regions. These are modest defects, however,
considering that 1.5% v/v Acetone is nearly 70% of the 96-hr LC50.

In summary, Acetone is not an ideal solvent because of its high
teratogenic index. We have also observed that bacteria can utilize it as a
carbon source. However, it may have to be employed for those test compounds
that cannot be carried into solution any other way.
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Figure 37. 96-h Mortality and Malformation Dose-Response Curves for Acetone

Definitive Test #3. The curve includes only those points used in producing

the dose-response curve although other concentrations were tested as well

(See: Appendix). Each point represents 50 embryos for each concentration.
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Figure 38. 96-h Growth Dose-Response Curve for Acetone Definitive Test #3.

The plot shows the % of control versus the %of the 96-h LC5Q0 Strong
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teratogens often cause reduction in growth at very low percentages and the

slope of the line is very steep. A strong teratogen can cause embryos to

become only 45% of control length at high concentrations.
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Plate 14A. Effects of Different Concentrations of Acetone on
Xenopus Development. Control embryos achieved Stage 46 at the end
of the 96 h exposure period. Side view presented to show effect on
brain, eye and spinal cord. From top to bottom: control, 0.9% v/v,
1.5% v/v, 2% v/v.

(

Plate 14B Effects of Different Concentrations of Acetone on
Xenopus Development. Control embryos achieved Stage 46 at the end
of the 96 h exposure period. Ventral view presented to show effect
on cardiac and gut regions. From top to bottom: control, 0.9% v/v,
1.5% v/v, 2% v/v.
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Plate 15A. Effects of a Low Concentration of Acetone on Xenopus
Development. Control embryos achieved Stage 46 at the end of the 96
h exposure period. Ventral view presented to show effect on cardiac
and gut regions. Embryo exposed to 0.9% v/v Acetone.

Plate 15B. Effects of a Medium Concentration of Acetone on
Xenopus Development. Control embryos achieved Stage 46 at the end
of the 96 h exposure period. Enlarged side view presented to show
the effect on brain and eye region. Embryo exposed to 1.5% v/v
Acetone.
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Plate 16. Effects of a High Concentration of Acetone on Xenopus
Development. Control embryos achieved Stage 46 at the end of the 96
h exposure period. Enlarged side view presented to show the effect
on brain and eye region. Embryo exposed to 2% v/v Acetone.
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Dimethyl Sulfoxide: Dimethyl Sulfoxide (DMSO) is a remarkably good
solvent and has relatively low toxicity. DMSO should be listed as a variable
negative in terms of its developmental toxicity (34). Caujolle et al. (42)
reported teratogenic responses in rabbits, chickens, mice and rats when DMSO
was administered at very high doses. However, at low doses few defects were
seen. Juma aud Staples (43) found increased resorptions in the rat embryo at
high dose levels suggesting that DMSO is primarily embryotoxic. These
variable results reported in the literature may be due to differences in
dosage in the various studies. High doses of even nonteratogens can cause
abnormal development in the few surviving offspring.

Table 2 shows the results of three definitive experiments on the effect
of DMSO on Xenopus embryos. The mean TI was 1.4 while the mean 96-hr LC50
and EC 50 (malformation) was 1.81 and 1.31% v/v respectively. Dumont reported
a TI of 1.75 for DMSO so our values are not too far apart. The mean minimum
concentration that inhibits growth was 1.38% v/v. There was excellent
agreement among all three experiments. The results prove that a 1% v/v final
concentration of DMSO could successfully be used as a carrier in FETAX (This
concentration is safely below the MCIG). Figures 39 and40 show the
dose-response curves from the latter two definitive experiments listed in
Table 2. The mortality and malformation curves are generally close together
indicating low teratogenicity. There are a number of data points between the
0 and 100% effect levels for both endpoints and the data fit is close to the
line. The NOEC is around 1.1 to 1.2% v/v for both endpoints. Figures 40and
and 42 show the effects of DMSO on Xenopus growth. Figure40 shows an
indication of hormesis as embryos were longer after DMSO exposure than
controls. This phenomenon was not borne out in Figure 42. Both Figures show
that growth inhibition does not become a serious factor until well past 50%
of the 96-hr LC50 concentration. After this point a severe reduction in
growth is observed. Plates 17 and 18 show the typical effects of DMSO on
Xenopus embryos after 96 hr of continuous exposure. Plate 17A shows a
progression of increasing malformation and growth retardation in increasing
concentrations of DMSO. There is little spinal kinking and edema. Facial,
head and eye malformations occur at higher concentrations of DMSO. At 1.3%
v/v DMSO, the effects are slight (Plates 17A&B). A reduction in embryo size
and gut coiling are seen. At 1.7% v/v DMSO, there is evidence of some edema
as well as problems in gut coiling and development of the facial region
(Plate 18A). At 2% v/v DMSO (Plate 18B), the embryo is severely malformed
with all major organ systems being involved.

In summary, DMSO is an excellent solvent and exhibits low teratogenicity
in FETAX. There should be no problem in using 1% v/v final concentrations of
DMSO as a carrier unless further studies show real interaction problems.
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Figure 39 96-h Mortality and Malformation Dose-Response Curves for Dimethyl
Sulfoxiae Definitive Test #2. The curve includes only those points used in
producing the dose-response curves although other concentrations were tested
as well (See: Appendix). Each point represents 50 embryos for each concentration.
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Figure 40. 96-h Growth Dose-Response Curve for Dimethyl Sulfoxide Definitive
Test #2. The plot shows the % of control versus the % of the 96-h LC50.
Strong teratogens often cause reduction in growth at very low percentages and
the slope of the line is very steep. A strong teratogen can cause embryos to
become only 45% of control length at high concentrations.
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Figure 41 96-h Mortality and Malformation Dose-Response Curves for Dimethyl
Sulfoxide Definitive Test #3. The curve includes only those points used in
producing the dose-response curve although other concentrations were tested

*as well (See: Appendix). Each point represents =' embryos for each
concentration.
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Figure 42. 96-h Growth Dose-Response Curve for Dimethyl Sulfoxide Definitive
Test #3. The plot shows the % of control versus the % of the 96-h LC50.
Strong teratogens often cause reduction in growth at very low percentages and
the slope of the line is very steep. A strong teratogen can cause embryos to
become only 45% of control length at high concentrations.
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Plate 17A. Effects of Different Concentrations of Dimethyl Sulfoxide
on Xenopus Development. Control embryos achieved Stage 46 at the
end of the 96 h exposure period. Side view presented to show effect
on brain, eye and spinal cord. From top to bottom: control, 1.3%
v/v, 1.7% v/v, 2% v/v.

Plate 17B • Effects of a Low Concentration of Dimethyl Sulfoxide on
Xenopus Development. Control embryos achieved Stage 46 at the end
of the 96 h exposure period. Enlarged ventral view presented to show
the effect on cardiac and gut region. Embryo exposed to 1.3% v/v
Dimethyl Sulfoxide
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Plate 18A Effects of a Medium Concentration of Dimethyl Sulfoxide
on Xenopus Development. Control embryos achieved Stage 46 at the
end of the 96 h exposure period. Enlarged side view presented to
show the effect on brain and eye region. Embryo exposed to 1.7% v/v
Dimethyl Sulfoxide.

Plate 18B. Effects of a High Concentration of Dimethyl Sulfoxide on
Xenopus Development. Control embryos achieved Stage 46 at the end

of the 96 h exposure period. Enlarged side view presented to show

the effect on brain and eye region. Embryo exposed to 2% v/v

Dimethyl Sulfoxide.
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Trans-retinoic acid: Work on this compound is being supported by the
Oklahoma Center for tie Advancement of Science and Technology (OCAST). The
data is presented here in order to present a clear idea as to the nature of
the upcoming solvent interaction study. trans-retinoic acid is a classic
teratogen with numerous listings in Shepard (3b). It is listed by Smith et
al. (22) as a strong teratogen that is quite insoluble in water. Despite
its insolubility in water, enough of the compound gets into solution to have
an effect in FETAX without the use of a carrier. This made it an ideal
compound to use in the carrier interaction study because results of retinoic
acid alone vs retinoic acid plus carrier could be easily compared. Tablel&2
shows that three different teratogens (Trans-retinoic acid, Me-mercury
chloride and 6-Aminonicotinomide) of differing solubilities and teratogenic
actions were selected for this study as well as Trichloroethylene, a
nonteratogen, of low water solubility.

Table 1 shows that there was difficulty in repeating the dose-response
tests for Trans-retinoic acid. The mean TI was close at 10.5 hut that in the
first definitive experiment the 96-hr LC50 was only 0.246 ug/ml versus 0.5
for the second definitive. Upon inspection of the data in Table 1 both the
96-hr LC50 and EC50(malformation) of the first test were approximately 2 fold
lower than the second test. Although we checked the concentrations of each
stock solution spectrophotometrically, it is possible an error was made in
weighing or dissolving the insoluble Trans-retinoic acid. Previous range
tests als showed this type of variability for this compound. The high TI of
10.5 proved that Trans-retinoic acid was a.strong teratogen in FETAX and this
result agrees well with the mammalian literature. Sabourin and Faulk (14)
obtained a TI >2.6 for Trans-retinoic acid while Dumont obtained a TI of 6.6.
It should be remembered that Sabourin and Faulk only reported ranges of TI
and not actual values. Figures 43 and 45 show the mortality and malformation
dose-response curves. They are widely separated, have essentially the same
slope and there are a good number of data points that make up each curve.
The mean MCIG is 0.07 which is 28% of the 96-hr LC5O. From Figure44 and46
is can be seen that growth inhibition increases rapidly faster about 25% of
the 96-hr LC50. The maximum amount of growth inhibition is about 35% (65% of
control length). Thus, the growth inhibition data is supportive of the
hypothesis that Trans-retinoic acid is a teratogen. Platesl9 and20 show
the effects of increasing Trans-retinoic acid concentrations on Xenopus
development (See l9Afor overview). Plate 19B shows the effect of dose near
the EC50(malformation) had on development. Minor malformations were seen in
the face, eye and gut region. At 0.2 ug/ml severe malformations were seen
that involve all major organ systems (Plate20A). Curiously, The tail was
not kinked. At very high concentrations (0.5 ug/ml), very severe
malformations were observed. This embryo was alive at 96 hr but severely
malformed. The eye is cyclopic and the gut is nearly straight. At this
concentration, nearly half of the embryos were still alive.

Despite the variability in results, Trans-retinoic acid is an ideal
compound with which to test the possibility of solvent interactions on
Xenopus development. The question arises as to whether the same defects
will be seen if there is interaction or whether new malformations will be
caused.
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Figure 43. 96-h Mortality and Malformation Dose-Response Curves for Retinoic
Acid, Definitive Test #1. The curve includes only those points used in
producing the dose-response curve although other concentrations were tested
as well (See: Appendix). Each point represents 50 embryos for each
concentration.
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Figure 44. 96-h Growth Dose-Response Curve for Retinoic Acid, Definitive Test
#1. The plot shows the % of control versus the % of the 96-h LC50o. Strong
teratogens often cause reduction in growth at very low percentages and the
slope of the line is very steep. A strong teratogen can cause embryos to
become only 45% of control length at high concentrations.
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Figure 45. 96-h Mortality and Malformation Dose-Response Curves for Retinoic
Acid, Definitive Test #2. The curve includes only those points used in

producing the dose-response curve although other concentrations were tested
as well (See: Appendix). Each point represents 50 embryos for each
concentration.
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Figure 46. 96-h Growth Dose-Response Curve for Retinoic Acid, Definitive Test
#2. The plot shows the % of control versus the % of the 96-h LC50. Strong
teratogens often cause reduction in growth at very low percentages and tha
slope of the line is very steep. A strong teratogen can cause embryos to
become only 45% of control length at high concentrations.
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Plate 19A. Effects o. Different Concentrations of Trans-retinoic
acid on Xenopus Devel~pment. Control embryos achieved Stage 46 at
the end of the 96 h exposure period. Side view presented to show
effect on brain, eye and spinal cord. From top to bottom: control,
0.02 ug/ml, 0.2 ug/ml, 0.5 ug/ml.

Plate 19B. Effects of a Low Concentration of Trans-retinoic acid on
Xenopus Development. Control embryos achieved Stage 46 at the end
of the 96 h exposure period. Enlarged side view presented to show
the effect on brain and eye region. Embryo exposed to 0.02 ug/ml
Trans-retinoic acid.
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Plate 20A. Effects of a Medium Concentration of Trans-retinoic acid
on Xenopus Development. Control embryos achieved Stage 46 at the
end of the 96 h exposure period. Enlarged side view presented to
show the effect on brain and eye region. Embryo exposed to 0.2 ug/ml
Trans-retinoic acid.

Plate 20B. Effects of a High Concentration of Trans-retinoic acid on
Xenopus Development. Control embryos achieved Stage 46 at the end
of the 96 h exposure period. Enlarged side view presented to show
the effect on brain and eye region. Embryo exposed to 0.5 ug/ml
Trans-retinoic acid.
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0ethylmercury Chloride: is a known mammalian teratogen and is
similar in effect to mercury but passes through membranes much
more easily. Methylmercury Chloride (MMC) is known to effect the
central nervous system of animals. MMC was chosen to test
solvent interactions because of its relatively insolubility in
water.

Table 1 shows that MMC has a TI of approximately 3 which is
teratogenic. However this TI is indicates a moderate teratogen,
and MMC is consider highly teratogenic. MMC is highly embryo
toxic in FETAX. Figures 47,49,51show the dose-response curves
performed for MMC. There are a number of points between the 0
and 100% effect levels for both endpoints and the data fit is
close to the regression line. There is a clear separation be-
tween the two curves. The NOEC is around 0.008 averaged over the
three experiments for Malformation. The NOEC for mortality is
approximately 0.08. Figures 48,49,52 show effects of MMC on
Xenopus growth. Figure s48 and 50 indicate hormesis but only a
slight increase in growth is seen. Figure 52 does not show any
hormesi.s. All figures show no inhibition of growth until or
after 50% of the LC50 value. Plate 21 shows the typical malfor-
mations seen with MMC. Plate 21 also shows a progression of
increasing malformations and growth retardations in increasing
concentrations of MMC. Facial malformations and edema occur at
low concentrations of MMC. As concentration increase effects on
brain and spinal column can also be seen. At the highest concen-
trations most organ systems are effected.

In summary, MMC is extremely toxic to embryos but has a
surprisingly low TI. Although sever malformations are seen at
high concentrations usually the embryos die before 96 hours.

0
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Figure 47 Ths 96-h Mortality and Malformation Dose-Response
Curves for Methylmercury Chloride Definitive Test #1. The curve
only includes those points used in producing the dose-response
curves although other concentrations were tested as well (See:
Appendix). Each point represent an experimental unit (one dish
of 20 embryos).
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Figure 48. The 96-h Growth Dose-Response Curve for Methylmercury
Chloride Definitive Test #1. The plot shows the % of control
versus the % of the 96-h LC50. Strong teratogens often cause
reduction in growth at very low percentages and the slope of the
line is very steep. A strong teratogen can cause embryos to

* become only 45% of control length at high concentrations.
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Figure 49. The 96-h Mortality and Malformation Dose-Response
Curves for Methylmercury Chloride Definitive Test #2. The curve
only includes those points used in producing the dose-response
curves although other concentrations were tested as well (See:
Appendix). Each point represent an experimental unit (one dish
of 20 embryos).
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Figure 50. The 96-h Growth Dose-Response Curve for Methylmercury
Chloride Definitive Test #2. The plot shows the % of control
versus the % of the 96-h LC50. Strong teratogens often cause
reduction in growth at very low percentages and the slope of the
line is very steep. A strong teratogen can cause embryos to
become only 45% of control length at high concentrations.



page 108

METHYL MERCURY CHLORIDE
.(Z.AN 27. 1.90)

CQ 7
0 [

r. 3

20

0.001 0.010 0.100 1.000
CONCENTRATION (MG/L)

Figure 51 The 96-h Mortality and Malformation Dose-Response
Curves for Methylmercury Chloride Definitive Test #3. The curve
only includes those points used in producing the dose-response
curves although other concentrations were tested as well (See:
Appendix). Each point represent an experimental unit (one dish
of 20 embryos).
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Figure '52 The 96-h Growth Dose-Response Curve for Methylmercury
Chloride Definitive Test #3. The plot shows the % of control
versus the % of the 96-h LC50. Strong teratogens often cause
reduction in growth at very low percentages and the slope of the
line is very steep. A strong teratogen can cause embryos to
become only 45% of control length at high concentrations.
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Plate j Effects of Different Concentrations of Methylmercury
Chloride on Xenopus Development. Control embryos achieved stage
46 at the end of the 96-h exposure period. Side view presented
to show effect on brain eye and spinal cord. From top to bottom:
Control, 0.012 mg/L, 0.025 mg/L, and 0.04 mg/L.

0
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D. Phase IV

BUSULFAN
Busulfan is used in treatment of myelogenous leukemia in

humans. It can also induce severe bone marrow hypoplasia.
Teratogenicity studies have been done in the rat and mouse. At
low doses, it produces a wide range of teratogenetic abnormali-
ties in the rat.

Busulfan does not readily dissolve in FETAX. It was dis-
solved in acetone and then added to FETAX to make a final concen-
tration of acetone of 1% (v/v). One range test was completed.
Mortality rates were low in all concentrations. We can only
estimate the LC50 as being >0.20 mg/ml. The malformation rates
increased with increasing concentration. The EC50 was found to
be 0.16 mg/ml using the Litchfield-Wilcoxon test. Only the
Malformation Dose-Response curve could be plotted as shown in
Figure 53.Common malformations were seen in the gut and face re-
gions. Edema was observed in the cardiac, abdominal and facial
regions. Also, severe malformations were recorded in the higher
concentrations.

Solvent studies were conducted on Busulfan. Since the
highest concentration that could be dissolved in a 1% acetone
solution in FETAX without precipitating out was 0.2 mg/ml, we
tried other solvents. We dissolved 50 mg of Busulfan in 2 mls of
triethylene glycol. This was added to 98 mls of FETAX. The
compound came out of solution. Using dimethyl sulfoxide (DMSO),
we dissolved 500 mg in 1.2 mls of DMSO and brought it up to 100
mls with FETAX. The compound precipitated out. With 100 mg of
Busulfan added to 1.2 mls of DMSO and brought up to 100 mls with
FETAX, the compound precipitated out. Lastly, 50 mg of Busulfan
was added to 1 ml of DMSO and brought up to 100 mls with FETAX.
This was not successful either. Since a higher concentration of
solvent is needed to increase the concentration of the compound
in FETAX and these solvent concentrations are greater than what
the ASTM Guide dictates, further testing was stopped.

The results gathered indicate a TI >1.25. The severity and
type of malformations indicate Busulfan to be a teratogen.
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BUSULFAN
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Figure 53. 96 h Mortality and Malformation Dose-xesponse turveb
for Busuif an Range Test. The curve includes only those points
used in producing the dose-response curve although other concen-
trations were tested as well. Each point represents 50 embryos
for each concentration.



%imp 7Mpage 116

~.. .. J'02'

71 .0

V,

P!ate 22. Sfecteabomiis osre different concentrations. ufno
Xeou eomn.Control embryos achieved Stage 46 at -%.eedo the96hepsr

efconagtadnotochord. From top to bottom: control,,0..5mgml



page 117

Purazolidone
Furazolidone is on the Flint List. It is used as an antibi-

otic agent.

A range test gave a EC50 of 0.012 mg/ml. A LC50 was esti-
mated to be approximately >0.018 mg/ml. The T.I. was estimated
to be >1.5. The mortality curve in Figure 54 was figured from a
transformation table to find the corresponding probit values.
The most common malformations were seen in the gut, notochord and
face.

The first definitive test gave a EC50 of 0.0109 mg/ml. The
LC50 was estimated to be 0.015 mg/ml. This gives an approximate
T.I. of 1.38. The most common malformations were in the gut,
notochord and face. The mortality curve in Figure 56 was figured
from a transformation table to find the corresponding probit
values.

A second definitive test gave a EC50 of 0.00711 mg/ml and a
LC50 of 0.014 mg/ml. This gave a T.I. of 1.97. The malforma-
tions most observed were gut, edema and face.

From this data, we conclude that Furazolidone is a terato-
gen.
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FURAZOLIDONE
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Figure 954 96 h Mortality and Malformation Dose-Response Curves
for Furazolidone Range Test. The curve includes only those
points used in producing the dose-response curve although other
concentrations were tested as well. Each point represents 50
embryos for each concentration.
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Figure 55 96 h Growth Dose-Response Curve for Furazolidone Range
Test.
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Figure 56 96 h Mortality and Malformation Dose-Response Curves

for Furazolidone Definitive Test #1. The curve includes only

those points used in producing the dose-response curve although

other concentrations were used as well. Each .point represents 50

embryos for each concentration.
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Figure 57 96 h Growth Dose-Response Curve for Furazolidone
Definitive Test #1.
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Figure 58 96 h Mortality and Malformation Dose-Response Curves
for Furazolidone Definitive Test #2. The curve includes only
those points used in producing the dose-response curve although
other concentrations were tested as well. Each point represents
50 embryos for each concentration.
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Figure 59 96 h Growth Dose-Response Curve for Furazolidone
Definitive Test #2.
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Plate 24 Effects of different concentrations of Furazolidone on
XeUnp development. Control embryos achieved Stage 46 at the
end of the 96 h exposure period. Side view presented to show
effect on face, gut and notochord. From top to bottom: control,
0.014 mg/ml, 0.015 mg/ml.

Plate 25 Ventral view of tadpoles in previous figure. From left
to right: control, 0.014 mg/ml, 0.015 mg/ml.
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PROCARBAZINE is considered a teratogen in the rat, mouse and
rabbit. It is used as an anticancer agent in humans in chemo-. therapy against Hodgkin's disease, several types of lymphomas and
other diseases. It is on the Flint List.

Procarbazine readily dissolves in FETAX, so no solvent is
necessary. Only one good definitive test has been completed.
Figure 60 shows the mortality and malformation dose-response
curves for this test. The LC50 was 3.17 mg/ml and the EC50 was
1.31mg/ml. This gave a T.I. of 2.42. The most common malforma-
tions were a malformed face and blisters present along the body.
Other common malformations were a loose or no gut coil and kinks
in the notochord. Figure61 represents the growth dose-response
curve. The slope of the line is very steep. Strong teratogens
often cause reduction in growth at very low percentages. Another
test gave similar results. It cannot be considered a definitive
test because an EC50 could not be established. In Figure 6? the
mortality and malformation dose-response curves show an LC50 of
1.69 mg/ml. The malformation curve was figured from a transfor-
mation table to find the corresponding probit values. The most
common malformations were again in the face, but no blisters were
found. The notochord and gut abnormalities could also be seen.
The growth dose-response curve is similar as seen in Figure 63.

We conclude that this chemical is a strong teratogen as
indicated by the high T.I. and by the slope of the growth dose-
response curve. This supports the results of the mammalian
tests.
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Figure 60 96 h Mortality and Malformation Dose-Response Curves
for Procarbazine Definitive Test #1. The curve includes only
those points used in producing the dose-response curve although
other concentrations were tested as well. Each point represents
50 embryos for each concentration.
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Figure 61 96 h Growth Dose-Response Curve for Procarbazine
Definitive Test #1.



page 128

0

PROCARBAZINE

8
0 MALFORMATION
o MORTALITY

7 0

6

050

4 -

3

2 - ,-'- , I
1 10

Concentration (mg/ml)

Figure 62 96 h Mortality and Malformation Dose-Response curves
for Procarbazine Non-Definitive test. The curve includes only
those points used in producing the dose-response curve although. other concentrations were tested as well. Each point represents
50 embryos for each concentration.
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Figure 63 96 h Growth Dose-Response Curve for Procarbazjine
N'.n-Definitive test.
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-',ate 26 Effects of different concentrations of Procarbaz:ne 3n
-:~nocus deveiocrnent. Control embryos achieved Stage 46 -)t the
e1nd of the 96 h exposure period. Side view presented to show
effect on gut, face and notochord. From top to bottom: control,
..28 mg/mi, 1.72 mg/mi, 2.0 mg/mi.

'0 -ate 27 Effect of a '-igh concentration of Procarbazine cn .:-enc-
-:,2ooment:. C1ontrol embryos achieved Stage 46 at the r- zn

-nE 9 -xPosure- period. Side view presented to show ef,:c: )n
race ~:and notocnord. Blisters can 3lso be seen. z-'

i-XcI'sed :1) 3.4 :g,'ml Procarbazine.
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2. SOLVENT INTERACTION
0

INTRODUCTION

The large number of water-insoluble chemicals requiring toxicity
testing necessitates the development, validation and use of chemical
cosolvents. Carrier solvents (cosolvents), such as dimethylsulfoxide
(DMSO), acetone, and triethylene glycol (TG), are commonly used to
solubilize hydrophobic compounds. ' However, the use of solvents
with in vitro bioassays may alter the developmental toxicity of test
materils. Solvents interact with other compounds to change rates of
reactions, membrane potentials, mutagenic activity, and many other
cell processes. 2"5 Using microbial assaysj, Stratton has shown that
solvents alter the toxicity of pesticides. For this reason, solvent-
compound interaction studies were performed to determine if the
developmental toxicity of test materials was altered.

The Frog Embryo Teratogenesis Assay-xenopus (FETAX), described
by Dumont et al., is a 96-hr bioassay which determines relative terato-
genic hazard.7 Several labs have evalu~ted compounds as well as
environmental mixtures with FETAX. 7 1  An exogenous metabolic
activation system has been developed and evaluated for FETAX. 13 15

The purpose of these experiments was to determine whether carrier
solvents interacted with the teratogens methylmercury chloride, trichlo-
roethylene, trans-retinoic acid and-6-aminonicotinamide to affect sur-
vival, development and growth of Xenopus embryos.
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Experimental

O Chemicals

Solvents were dimethylsulfoxide (DMSO) (CAS# 67-68-5; Sigma
Chemical Co., St. Louis, MO) acetone (CAS# 67-64-1; Fisher Scientific,
Houston, TX), and triethylene glycol (TG) (CAS# 11 2-27-6; AldrichChemical Co., Milwau -, WI). Teratogens were methylmercur chlo-
ride (MMC) (CAS# 115-09-3; FW 251 1 Pfaltz & Bauer Inc., Water-
bury, CT), trichloroethylene (TCE) (CAS# 79-01-6; FW 131.39; Aldrich
Chemical Co.), trans-retinoic acid (RA) (CAS# 302-79-4; FW 300.4;
Sigma Chemical Co.) and 6-aminonicotinamide (6-AN) (CAS# 329-89-
5; FW 137.1; Sigma Chemical Co.).

Assay Procedure

Animal care and breeding were performed according to Bantle et
al. (1989).16 FETAX solution, a reconstituted water medium, was used
as the diluent for all experiments. 17 For each concentration-response
test, two groups of 25 embryos each were placed in 60 X 15 mm glass
Petri dishes containing a total of 10 ml of solution. Four groups of 25
embryos were exposed to FETAX solution and used as controls for
each test. Because of the possible binding of methylmercury to glass,
the concentration-response experiments were performed in 60-X 15
mm plastic Petri dishes containing 20 embryos and a total of 8 ml of
solution. Each experiment followed standard methods of test operation
and embryo evaluation.' 6 ,18 Stock concentrations of MMC were also
determined using cold vapor method for determining mercury concen-
tration. 19

One range and three definitive experiments were performed to
determined the 96-hr LC50, 96-hr EC50 (malformation), Teratogenic
Index (TI) (96-hr LC50/ 96-hr EC50) and Minimum Concentration to
Inhibit Growth (MCIG) for three solvents and two teratogens. The 96-
hr, LC25 and LC50, and 96-hr, EC25 and EC50 (malformation) were
determined using Litchfield-Wilcoxon probit analysis. 20 Dunnett's test
was used to determine the No Observable Effect Concentrations
(NOEC) for malformation and mortality. The MCIG was determined by
comparing head-tail lengths between control and experimental groups
using the t-test for grouped observations. These data were used in
determining test concentrations for the solvent-compound interaction
study. Malformations were determined using a dissecting microscope
to observe deviations from normal development. 2 1 Typica examples of
malformations are reduced head compared with rest of embryo, re-
duced eye, mouth, misshapen head, eye, heart, mouth, tail fin, noto-
cord, etc. The 96-hr embryo is transparent and most internal organs
can be seen clearly. Stunting (growth inhibition) is not considered a
malformation. Growth is assessed by measuring embryo head-tail
lengths.

Interaction Study

Two concentrations for each solvent and test material were se-
* lected. The two solvent concentrations were the NOEC and 96-hr
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EC25. The NOEC is the highest possible cosolvent concentration that
can be used in FETAX. The 96-hr EC25 was chosen in order to posi-
tively identify any interactions that might be taking place that were not
observable at lower concentrations. MMC and TCE concentrations
were the 96-hr EC25 and 96-hr LC25. These concentrations allowed
examination of effects on both malformation and mortality. All terato-
gens were soluble at these concentrations without the solvents. The
interaction experiments contained individual treatments for all concen-
trations and the interaction treatments for one solvent and one terato-
gen per experiment. The nine treatments were: 1) FETAX solution
controls, 2) EC25 of teratogen, 3) LC25 of teratogen, 4) NOEC level of
solvent, 5) EC25 of solvent, 6) EC25 of teratogen & NOEC of solvent
7) EC25 of teratogen & EC25 of solvent, 8) LC25 of teratogen & NOEC
of solvent, and 9) LC25 of teratogen & EC25 of solvent. All interaction
experiments contained four replicates of 25 embryos each per treat-
ment with the exception of one MMC-DMSO interaction study which
contained 22 embryos per treatment. Results of solvent-teratogen
interaction studies represent three pooled experiments using three dif-
ferent breeding pairs. Every 24 hrs, dead embryos were removed and
solutions changed. After 96 hrs of exposure, embryos were anesthe-
tized with 3-Aminobenzoic Acid Ethyl Ester (MS-222) (CAS# El-052-1;
Sigma) and the number of malformed larvae recorded. Larvae were
then killed and fixed with 3.0% (w/v) formalin and head-tail length
(growth) measured.

ANOVA was used to determine differences from theoretical addi-
tive values for mortality, malformation and growth. 2 2 Values were
determined by partitioning the sum of squares for the interactions on
mortality and malformation using the statistical software SYSTAT.23

Growth interactions were determined in the same manner with the
Statistical Analysis System (SAS). Effects on the TI were inferred from
shifts of the mortality and malformation curves. In the case of the
LC25 of the teratogens, 100% malformations were obtained without
solvent addition. Therefore, only a decrease in malformation could be
observed and not an increase. For these experiments, decreases in
malformation were not observed for the 96-hr LC25 concentration of
the teratogens.
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RESULTS

PRELIMINARY EXPERIMENTS

Carrier Solvent Results

Previous work indicated that all solvents caused effects at 2.0%
(v/v) concentrations. Acetone produced the highest TI value of the
solvents followed by DMSO and then TG (Table 5). NOEC levels for
DMSO, acetone, and TG for any endpoint were 1.0% (v/v), 0.9% (v/v),
and 1.7% (v/v), respectively. The 96-hr EC25 (malformation) for
DMSO, acetone and TG were 1.2% (v/v), 1.0% (v/v), and 2.0% (v/v),
respectively.

Developmental Toxicity of the Teratogens

All the teratogens proved to have teratogenic potential in FETAX.
The ranking of most teratogenic potential to least was 6-AN > RA >
TCE > MIC (Table 5) based only on TI values. The ranking from most
toxic to the least based on average 96-hr LC50 is as follows: MMC
(0.4 pM) > RA (1.2 pM) > TCE (2.94 mM) > 6-AN (22.39 mM). The
96-hr EC25 (malformation), and 96-hr LC25 for each teratogen were as
follows: Retinoic acid were 0.02 mg/L and 0.25 mg/L; 6-
aminonicotinamide were 2 mg/L and 2500 mg/L; MMC were 0.015
mg/L and 0.088 mg/L; TCE were 0.002% (v/v and 0.035% (v/v). It
was not possible to determine MCIG or confidence limits for the first
TCE test. However, acceptable confidence limits were obtained in all
other tests. The data from these experiments was used to predict the
EC25 and LC25 for the teratogens. The estimation of the EC25 for the
three independent experiments for TCE ranged from 19.5% to 27.5%
and the estimation of the LC25 ranged from 25.7% to 38.3% (Tables
11-13). Therefore, the estimates of EC25 and LC25 were well within
acceptable limits. The 6-AN experiments (Tables 5-7) indicated that
2500 mg/L was closer to the 96-hr LC50 than the 96-hr EC50. This
result could have been caused because Dawson et al. used antibiotics
in the test concentrations to control bacterial growth. 18 Antibiotics
were not used in our experiments because possible interactions with
the antibiotics. The mean MCIG for MMC was 0.038 mg/L, for TCE
was 0.02% (v/v), for RA was 0.07 mg/L and for 6-AN was 100 mg/L.

INTERACTION EFFECTS CAUSED BY SOLVENTS

Control Results

Tables 2 through 13 show the pooled percentage results for all
experiments. Control mortality and malformation was equal to or
below 10% for all but three experiments and was never greater than
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12%. Although the control malformation and mortality varied from
experiment to experiment, final results were not affected because
ANOVA takes into account control responses. Table 12 - Table 140 shows that mortality due to 0.088 mg/L MMC ranged from 18.0% to
41.7%. Because of this variability, values were kept discrete for each
solvent-teratogen interaction. These are the percentages used to calcu-
late the theoretical additive values. The percentages are the 12 repli-
cate values averaged together, and the standard error is the error of
these 12 means.

Methylmercury Chloride Interactions

MMC combined with DMSO caused significant ( p=0.05 ) inter-
action only at 1.2% (v/v) DMSO and 0.088 mg/L MMC (Figure 64).
Mortality was increased by 18% ( 6-35%; 95% confidence interval ).
In all cases, the percent change refers to an increase or decrease
compared to the theoretical additive value. DMSO increased the mor-
tality which should decrease the 96-hr LC50 and did not significantly
increase malformation. Therefore, the 96-hr EC50(malformation)
should remain the same with DMSO. This would reduce the TI of
MMC. One experiment contained 22 embryos per replicate due to a
shortage of embryos, and is the reason the total N per treatment is
different. All experiments showed similar results.

When MMC was tested with acetone there were significant inter-
actions observed for both mortality and malformation (Figure 64). MMC
at 0.015 mg/L with 0.9% (v/v) and 1.0% (v/v) acetone increased
malformation by 16.9% ( 10.9-23.8%; 95% confidence interval ) and
28.6% ( 21.0-36.9%; 95% confidence interval ), respectively. MMC
at 0.088 mg/L with 1.0% (v/v) acetone increased the mortality by
23.7% ( 10._8-40%; 95% confidence interval ). Because the synergis-
tic responses for malformation and mortality were approximately the
same, acetone would change the 96-hr LC5 and 96-hr EC50 (malfor-
mation) the same. The TI, therefore, should not change.

MMC combined with TG showed no significant interactions on
mortality or malformation (Figure 64). TG, therefore, would not change
the TI of MMC.

The TI would be expected to change for MMC only with DMSO.
With acetone, the interaction is an equal increase in mortality and
malformation over the expected additive value. This would increase
the sensitivity of the embryos to MMC when combined with acetone.
Finally, when MMC was tested with TG neither mortality nor malforma-
tion were changed. MMC growth was not changed from additive
effects for any of the solvents.

Trichloroethylene Interactions

Trichloroethylene combined with DMSO had significant
(p=0.001) additive effects on mortality (Figure 65). Mortality for
0.035% (v/v) TCE was increased over theoretical additive values for
DMSO at 1.0% (v/v) and 1.2% (v/v) by 42.7% ( 21.7-67.7%; 95%
confidence interval ) and 45.3% ( 23.7-70.6%; 95% confidence inter-
val ), respectively. However, malformation was not changed signifi-
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cantly from theoretical additive values. The increase in mortality re-
sulted in a decreased 96-hr LC50. Because malformation was unaf-

* fected, the TI would be lowered.

TCE combined with acetone significantly ( p =0.05 ) increased
mortality (Figure 65). The rate of mortality caused by TCE at 0.035%
(v/v) was increased with acetone at 0.9% (v/v) and 1.0% (v/v) by
16.7% ( 6.4-26.7; 95% confidence interval ) and 24% ( 13-37.5%;
95% confidence interval ) , respectively. The rate of TCE-induced
malformation at 0.002% (v/v) was not significantly different from
theoretical additive values. An increase in mortality for acetone and no
change in malformation from theoretical values would again cause a
reduction of the TI.

TCE combined with TG caused significant ( p =0.05 ) interaction
for both mortality and malformation (Figure 65). The rate of TCE-in-
duced mortality caused by 0.035% (v/v) TCE with 1.7% (v/v) and
2.0% (v/v) TG was increased over theoretical additive values by 15%
(6.2-26.9%; 95% confidence interval) and 20.33% ( 9.97-33.4%;
95% confidence interval ), respectively. The malformation caused by
0.002% (v/v) TCE and 2.0% (v/v) TG was significantly increased by
17.2% ( 10.9-24.6%; 95% confidence interval ). Because both mal-
formation and mortality for TG showed an increase of approximately
the same magnitude, the TI would not be expected to change.

Trichloroethylene with DMSO and TCE with acetone caused an
increase in mortality and did not change malformation significantly.
TCE with TG, however, increased both mortality and malformation.

Tables 2 and 3 show the treatment effects for each of the six
solvent interaction experiments. Control malformation and mortality
generally were less than 8% except for two experiments (Tables 2 and
3). Table 7 revealed that 2500 mg/L 6-AN was not the LC25 but was
actually closer to the LC50. The reason for these discrepancies may be
attributed to an antibiotic used by Dawson et al. (1989) to control
bacterial growth and in the present study no antibiotic treatments were
used. Because the values for solvent and compounds often varied
due to different breeding pairs, the values were kept discrete for each
experiment. For example, DMSO at 1.2% (v/v) should have caused 25
percent malformation. The retinoic acid experiment (Table 6) showed
20.9% malformation for 1.2% (v/v) DMSO, and the 6-aminonicotina-
mide (Table 7) showed 28.3% malformation for 1.2% (v/v) DMSO.

trans-Retinoic Acid

The interaction results for RA combined with DMSO (Figure 66)
showed that mortality increased significantl at p = 0.001. DIMSO at
1 % (v/v) and 1.2% (v/v) concentrations with 0.25 mg/L RA increased
mortality by 34.3% and 47.3%, respectively. Because malformation of
DMSO with RA was not significantly different at either concentration,
the syner gistic effect on mortality should cause the mortality curve to
shift to the left (reducing the 96-hr LC50). DMSO addition would
reduce the TI for RA.
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RA in the presence of acetone (Figure 66) significantly increased
malformation by 38.5% with 1 % (v/v) acetone and 0.02 mg/L RA
while not changing the mortality at 1 % acetone and 0.25 mg/L RA.
The synergistic shift of the malformation concentration-response curve
to the left (reducing the 96-hr EC50) would increase the TI with ace-
tone at the 1 % (v/v) level. There were no significant effects at the
0.9% (v/v) level (NOEC) of acetone.

TG with RA had effects on both malformation and mortality
(Figure 66). Malformation with 2.0% (v/v) TG and 0.02 mg/L RA re-
duced the additive value by 7% at p = 0.059. Mortality rates of 1.7%
(v/v) TG and 2.0% (v/v) TG with 0.25 mg/L RA increased the additive
values by 12.3% and 23% respectively. -The antagonistic shift of the
malformation curve to the right (increasing the 96-hr EC50) and the
synergistic shift of the mortality curve to the left (decreasing 96-hr
LC5O) would produce a reduced TI.

6-Aminonicotinamide

DMSO combined with 6-AN synergistically increased mortality
rates at both levels of the solvent at p = 0.001 (Figure 67). The in-
crease in mortality for 1 % (v/v) DMSO and 1.2% (v/v) with 2500 mg/L
6-AN was 49.3% and 45.7%, respectively. The mortality curve would
shift to the left, decreasing the 96-hr LC50 and reducing the TI.

Acetone tested with 6-AN had significant effects at p < = 0.05
for both malformation and mortality (Figure 67). The malformation
decreased with 0.9% (v/v) acetone and 2 m /L 6-AN by 6.8%.
However, the 1.0% (v/v) acetone with 2 mg/L 6-1N increased malfor-
mation by only 1.2%. The mortality caused by acetone with 6-AN
increased for 0.9% (v/v) acetone and 1% (v/v) acetone with 2500
rng/L 6-AN by 39% and 38% respectively. Because the synergistic
increase in mortality (reducing the 96-hr LC50) outweighed the antago-
nistic effects on malformation, the TI should be reduced.

TG in the presence of 6-AN significantly increased both malforma-
tion and mortality at p < =0.05 (Figure 67). TG at 1.7% (v/v) and 2%
(v/v) combined with 2 mg/L 6-AN increased malformation by 34.5%
and 14.2%, respectively. Mortality increased for 1.7% (v/v) TG and
2.0% (v/v) with 2500 mg/L 6-AN by 12.7% and 11.3%, respectively.
Both mortality and malformation were both increased by approximately
(reducing both the 96-hr LC50 and 96-hr EC50) the same amount,
therefore, the TI should not change appreciably.
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DISCUSSION

The Teratogenic Index (TI) is the ratio of the 96-hr LC50/96-hr
EC50 (malformation) and represents the separation between the mortal-
ity and malformation curves. It would be expected that for compounds
to induce malformations without causing mortality that the 96-hr EC50
(malformation) should be less than the 96-hr LC50. This is not,
however, the only way to classify compounds because the number of
malformations do not give information on the types or severity of these
malformations. The separation between the two curves is considered
to be sufficient to pose significant teratogenic hazard when the TI >1 .5.16,18 If a synergistic or antagonistic response qJtered a TI, false
conclusions regarding teratogenic hazard could result. 4

MMC is known to cause cleft palate in mice. 25 MC is also
known to affect development of several fetal systems. 2 28 TCE is
known to induce strand breaks ir DNA in the rat and mouse liver in
vivo and to be weakly mutaenic. 9 30 TCE causes abnormal develop-
ment of chick embryos.31'  However, TCE does nct show strong
teratogenic3pffects in the rat inhalation studies but did produce skeletal
anomalies.3 - Route of exposure is important when comparing relative
toxicity, teratogenicity. TCE seems to show wide species variation in
response. These sources support that MMC and, perhaps, TCE should
be teratogenic in FETAX. Mammalian literature indicated that 6-AN
caused congential malformations.3 4 .35 RA has 9/so been shown to
cause embryo defects, such as malformed limbs. 6-7

The interaction results show that the carrier solvents do interact
with teratogens. Of the three indicators measured, mortality and
malformation were potentiated, while growth was not affected. Typi-
cally, growth and malformation are the more sensitive endpoints.
However, more interactions were discovered with mortality. This
shows that a change in one endpoint does not necessarily result in a
change in the others. This study also shows that the choice of carrier
solvents is critical because the different carrier solvents caused differ-
ent interactions. For example, only acetone caused effects at the
NOEC with MMC. However all solvents caused effects when com-
bined with TCE at the NOEC. While TG had no observable effects
with MMC, both malformation and mortality were significantly changed
with TCE.

Malformations caused by all interaction treatments did not pro-
duce new or different types of malformation. All malformations were
the same type as seen with individual control treatments for each
teratogen and solvent. Differences were in the magnitude of the
response and the number of malformations. Acetone has previously
been shown to change mutagenic potential of N-Methyl-N-nitrosourea
and to interact on membrane integrity.5 ,3 DMSO has been shown to
interact with secalonic acid D to alter teratogenicity in mice.39 These
papers support the results of this study where interactions were found
between MMC and TCE, and the three solvents.

Carrie. solvents, although sometimes necessary, need to be used
with caution at the lowest solvent concentrations possible. If possible,
several different carrier solvents should be used separately to determine
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if the results are consistent.40 Fewer effects were seen at the NOEC
than at the 96-hr EC50 for the solvents. Also interesting, is the find-
ing that MMC was the least teratogenic and had the fewest interac-
tions, while 6-AN, with the highest TI, had the most interactions.
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Tabe
* The 96-hr LC5O, 96-hr EC50(malformation), Teratogenic Index

(TI)a, and Minimum Concentration to Inhibit Growth (MCIG) for.
Dimethylsulfoxide (DMSO), Acetone, Triethylene glycol (TG),
Retinoic Acid (RA), 6-aminonicotinamide (6-AN), Methylmercury
Chloride (MMC) and Trichloroethylene (TCE).

Compound 96-hr LC5O 96hr ECSO TI MCIG

DMSOb 1 1 .8 1 (1 .7 5 -1.8 7 c) 1.4 (1.32-1.48) 1.3 1.3
2 1.77(1.61-1.95) 1.29(1.25-1.33) 1.4 1.7
3 1.86(1.4-2.3) 1.24(0.83-1.8) 1.5 1.5

Acetoneb 1 2.16(2.07-2.25) 1.4 (1.29-1.43) 1.6 1.8
2 2.49(2.10-2.95) 1.4 (1.04-1.36) 1.8 1.5
3 1.92(1.90-2.14) 1.06(0.91-1.17) 1.83 1.0

TGI' 1 2.4 (2.02-2.85) 2.0 (2.01-2.13) 1.2 1.8
2 2.75(2.70-2.82) 2.4 (2.37-2.45) 1.1 1.8
3 2.19(2.19-2.32) 2.05(1.99-2.11) 1.07 1.7

RAd  1 0.25(0.22-0.28) 0.024(0.018-0.031) 10.4 0.06

2 0.50(0.46-0.61) 0.044(0.032-0.060) 11.4 0.08

6-ANde 1 3190(3000 3400) 5.3(2.5-7.5) 602 100
2 2950(2800-3100) 5.7(5.3-6.2) 518 NA

MMCd 1 0.083(0.080-0.087) 0.024(0.021-0.028) 3.4 0.036
2 0.094(0.088-0.100) 0.025(0.018-0.034) 3.7 0.04

TCEbf 1 0.024(NA) 0.0048(0.002-0.011) 5 NA
2 0.029(0.026-0.032) 0.0023(0.001-0.004) 12.6 0.02

a TI = 96-hr LC50/96-br EC50 (malformation).
b Concentrations expressed as % (v/v).
c 95% confidence limits.
d Concentrations expresse 8 as mg/L.
e Data from Dawson et al.18
f Density = 1.462.
NA = Not Available.
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Table 6

Effects of Dimethyt Sulfoxide (DMSO), Retinoic Acid (RA) and their Interactions on

Mortality, Malformation and Growth.

Trestmnta Nortality Natformtion Mean Length

No. (X) No. (Z) C)

FETAX sotn.

Control 11 (3.7 + 1 . 4 3 b) 12 (4.2 + 0.77) 9.61 + 0.064

DMSO RA

X(v/v) (mg/L)

1.0 11 (3.7 + 0.77) 29 (10.1 + 1.53) 9.44 + 0.092

1.2 22 (7.3 + 1.76) 58 (20.9 + 0.94) 9.17 + 0.064

0.02 18 (6.0 + 1.15) 65 (23.0 + 3.58) 9.58 + 0.081

0.25 64 (21.3 + 6.86) 236 (100.0) 7.06 + 0.381

1.0 0.02 13 (4.3 + 1.25) 104 (36.3 + 6.06) 9.15 + 0.098

1.2 0.02 15 (5.0 + 1.31) 111 (38.9 + 3.61) 9.10 + 0.069

1.0 0.25 167 (55.7 + 7.95) 133 (100.0) 6.55 + 0.305

1.2 0.25 217 (72.3 + 9.841 83 (100.0) 6.25 + 0.460

a N for aLL treatments equated 300 embryos from three separate experiments. There

were 12 dishes of 25 embryos each.
b Standard Error of Mean.
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Trabl 7

Effects of Acetone, Retinoic Acid (RA) and their Interactions on MortaLity, Matforma-

tion and Growth.

Treatmenta MortaLity Natformtion Nean Length

No. Ml) No. (M) Cm)

FETAX sotn.

Controt 6 (2.0 + 0.78 14 (4.7 + 1.54) 9.54 ± 0.046

Acetone RA

%(v/v) (mg/L)

0.9 9 (3.0 + 1.22) 31 (10.6 4 1.67) 9.04 + 0.061

1.0 13 (4.3 + 1.25) 65 (22.7 + 1. 12) 8.94 + 0.087

0.02 12 (4.0 + 1.21) 93 (32.2 ± 5.49) 9.17 + 0.087

0.25 87 (29.0 + 7.45) 213 (100.0) 6.33 + 0.352

0.9 0.02 17 (5.7 + 1.04) 145 (51.1 + 5.18) 8.89 + 0.066

1.0 0.02 18 (6.0 + 2.25) 251 (89.2 + 4.94) 8.61 + 0.098

0.9 0.25 132 (44.0 ± 9.86) 168 (100.0) 6.20 + 0.211

1.0 0.25 120 (40.0 + 11.79) 180 (100.0) 6.11 + 0.140

a N for aLL treatments equaLed 300 embryos from three separate experiments. There

were 12 dishes of 25 embryos each.
b Standard Error of Mean.
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Table 11

Effects of Triethylene Glycot (TG), Retinoic Acid (RA) end their Interactions on

Mortatity, MaLformation and Growth.

Treatmenta  Mortatity Hatformetion Mean Length

No. X) No. X) (m)

FETAX soLn.

Control 23 (7.7 + 2.9 22 (7.9 + 0.67) 9.36 + 0.061

TG RA

X(v/v) (mg/L)

1.7 35 (11.7 ± 2.53) 58 (22.1 + 2.68) 8.28 ± 0.144

2.0 27 (9.0 ± 2.04) 94 (34.5 ± 2.76) 8.31 + 0.234

0.02 20 (6.7 ± 2.22) 68 (24.5 ± 1.62) 9.17 ± 0.061

0.25 54 (18.0 ± 4.89) 246 (100.0) 7.32 ± 0.237

1.7 0.02 26 (8.7 ± 2.78) 100 (36.4 ± 3.72) 8.43 ± 0.199

2.0 0.02 25 (8.3 + 2.78) 131 (47.7 ± 4.76) 8.32 ± 0.210

1.7 0.25 115 (38.3 ± 9.99) 185 (100.0) 6.20 ± 0.390

2.0 0.25 139 (46.3 ± 11.11) 161 (100.0) 6.48 + 0.498

a N for aLt treatments equated 300 embryos from three separate experiments. There

were 12 dishes of 25 embryos each.
b Standard Error of Mean.



page 148

Table

Effects of DimethyL SuLfoxide (DMSO), 6-Aminonicotinamide (6-AN) and their Interac-

tions on Mortality, Malformation and Growth.

Treatment a  Mortality Natformtion Mean Lenth

No. NX) Mo. X) Cm)

FETAX soLn.

Control 12 (4.0 + 1.39 b 26 (8.9 ± 2.10) 9.51 + 0.115

DMSO 6-AN

%(v/v) (mg/L)

1.0 14 (4.7 + 1.69) 43 (15.0 ± 1.70) 9.55 ± 0.124

1.2 25 (8.3 + 2.97) 78 (28.3 + 3.11) 9.60 + 0.144

2.0 12 (4.0 + 1.30) 71 (24.8 + 1.80) 9.77 + 0.064

2500 150 (50.0 + 5.34) 150 (100.0) 6.70 ± 0.063

1.0 2.0 18 (6.0 + 1.94) 94 (33.4 ± 4.41) 9.71 + 0.167

1.2 2.0 19 (6.3 + 2.43) 132 (46.9 ± 6.84) 9.56 ± 0.124

1.0 2500 300(100.0)

1.2 2500 300(100.0)

a N for all treatments equaled 300 embryos from three separate experiments. There

were 12 dishes of 25 embryos each.
b Standard Error of Mean.
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Table 1Q

Effects of Acetone, 6-Aminonicotinamide (6-AN) and their Interactions on Mortality,

Malformation and Growth.

Treatmenta Mortality aLformtion Nean Lenth

No. X) No. X) Cm)

FETAX sotn.

Control 7 (2.3 + 1.25) 15 (5.1 + 0.74) 9.72 + 0.084

Acetone 6-AN

%(v/v) (mg/L)

0.9 11 (3.7 + 1.04) 43 (15.0 + 1.26) 9.43 + 0.072

1.0 20 (6.7 + 2.16) 74 (26.6 + 1.61) 9.17 + 0.061

2.0 10 (3.3 + 1.46) 70 (24.2 + 1.23) 9.76 + 0.075

2500 167 (55.7 + 8.76) 133 (100.0) 6.06 + 0.182

0.9 2.0 25 (8.3 + 2.89) 75 (27.2 + 1.06) 9.29 + 0.098

1.0 2.0 11 (3.7 + 1.04) 135 (46.8 + 2.87) 9.10 ± 0.058

0.9 2500 288 (96.0 + 1.21) 12 (100.0) 6.08 + 0.084

1.0 2500 294 (98.0 ± 1.15) 6 (100.0) 5.84 + 0.055

a N for all treatments equaled 300 embryos from three separate experiments. There

were 12 dishes of 25 embryos each.
Standard Error of Mean.
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Table 11

Effects of Triethyiene Glycol (TG), 6-Aminonicotinamide (6-AN) and their interactions

on Mortality, Malformation and Growth.

Treatmenta Mortality Naltforimtion ean Length

No. (X) No. X) (m)

FETAX soLn.

Control 29 (9.7 ± 2.97) 17 (6.5 + 1.45) 9.44 + 0.136

TG 6-AN

%(v/v) (mg/L)

1.7% 52 (17.3 ± 6.35) 40 (16.0 + 2.42) 9.00 + 0.156

2.0% 57 (19.0 + 6.44) 113 (46.6 + 4.11) 8.60 + 0.202

2.0 26 (8.7 + 3.18) 57 (20.9 + 1.36) 9.50 ± 0.181

2500 209 (69.7 ± 9.98) 91 (100.0) 6.69 ± 0.147

1.7% 2.0 64 (21.3 + 6.27) 168 (71.4 ± 7.47) 8.60 + 0.240

2.0% 2.0 33 (11.0 ± 5.10) 218 (81.6 + 4.14) 8.40 + 0.240

1.7% 2500 299 (99.7 ± 0.33) 1 (100.0) 7.74

2.0% 2500 300(100.0)

a N for all treatments equated 300 embryos from three separate experiments. There

were 12 dishes of 25 embryos each.
b Standard Error of Mean.
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Table 12

Effects of Dimethyt Sutfoxide (DMSO), Methytmercury ChLoride (MC) and their Interac-

tions on MortaLity, MaLformation and Growth.

Treatmenta MortaLity MaLformation Mean Length

No. () No. X) (mm)

FETAX sotn.

Control 18 (6.3 + 2 .72b) 18 (7.0 + 1.42) 9.34 + 0.069

DMSO MMC

%(v/v) (mg/L)

1.0 23 (8.3 + 1.94) 24 (9.4 + 1.34) 9.16 + 0.069

1.2 27 (9.6 + 2.43) 75 (29.8 + 3.92) 8.95 ± 0.072

0.015 19 (6.7 + 2.71) 50 (19.3 + 1.65) 9.22 + 0.086

0.088 117 (41.7 + 8.26) 163 (100) 7.55 + 0.129

1.0 0.015 22 (7.7 + 2.33) 65 (25.0 + 2.34) 9.21 + 0.086

1.2 0.015 70 (25.0 + 7.75) 109 (51.8 + 9.18) 8.85 + 0.090

1.0 0.088 123 (44.0 + 9.62) 157 (100) 7.88 + 0.213

1.2 0.088 176 (63.0 +10.33) 104 (100) 7.68 + 0.253

a N for aLt treatments equated 288 embryos from three separate experiments. Two

experiments contained 25 embryos per dish (8 dishes), and one experiment con-

tained 22 embryos per dish (4 dishes).
Standard Error of Mean.
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Table 13

Effects of Acetone, Methylmercury Chloride (MMC) and their Interactions on Mortality,

Malformation and Growth.

Treatmenta Mortality Malformation Mean Length

No. () No. () (mm)

FETAX sotn.

Control 22 (7.3 ± 2.0 8b) 33 (11.8 + 2.01) 9.47 ± 0.069

Acetone MMC

%(v/v) (mg/L)

0.9 23 (7.7 ± 2.89) 56 (20.3 + 1.55) 8.97 + 0.064

1.0 16 (5.3 + 1.50) 100 (35.2 + 1.95) 8.78 + 0.075

0.015 18 (6.0 ± 2.44) 63 (22.2 ± 0.97) 9.41 ± 0.130

0.088 54 (18.0 + 4.45) 246 (100) 8.85 + 0.127

0.9 0.015 21 (7.0 + 2.04) 133 (47.6 + 4.17) 8.95 ± 0.098

1.0 0.015 32 (10.7 ± 2.76) 199 (74.2 + 5.59) 8.70 ± 0.104

0.9 0.088 89 (29.7 + 7.65) 211 (100) 7.81 + 0.135

1.0 0.088 119 (39.7 ±10.16) 181 (100) 7.71 + 0.107

a N for all treatments equated 300 embryos from three separate experiments. There

were 12 dishes of 25 embryos each.
b Standard Error of Mean.
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Table 14

Effects of Triethylene GlycoL(TG), Methytmercury Chloride (MMC) and their Interac-

tions on MortaLity, MaLformation and Growth.

Treatmenta Mortality MaLformation Mean Length

No. X) No. () (mm)

FETAX soLn.

Control 30 (10.0 ± 2 .00b) 25 (9.4 ! 1.47) 9.27 + 0.084

TG MMC

X(v/v) (mg/L)

1.7 15 (5.0 + 0.87) 35 (12.3 ± 1.41) 9.14 + 0.087

2.0 21 (7.0 + 2.04) 103 (36.8 + 3.48) 8.88 ± 0.087

0.015 24 (8.0 + 2.46) 59 (21.5 ± 0.99) 8.99 + 0.092

0.088 81 (27.0 ±10.00) 219 (100) 8.00 ± 0.187

1.7 0.015 17 (5.7 + 1.59) 93 (32.7 ± 2.80) 9.33 ± 0.066

2.0 0.015 19 (6.3 + 3.21) 160 (57.1 ± 5.80) 9.19 ± 0.118

1.7 0.088 60 (20.0 + 6.73) 240 (100) 8.06 ± 0.269

2.0 0.088 51 (17.0 + 4.15) 249 (100) 8.07 + 0.199

a N for all treatments equated 300 embryos from three separate experiments. There

were 12 dishes of 25 embryos each.
b Standard Error of Mean.
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Table 15

Effects of DimethyL Sulfoxide(DMSO), TrichtoroethyLene (TCE) ard their Interactions

on Mortatity, Matformation and Growth.

Treatmenta MortaLity Matformation Mean Length

X(v/v) No. X) No. MX) Cai)

FETAX sotn.

Control 22 (7.3 ± 3.07b ) 25 (9.0 ± 1.72) 9.35 ± 0.101

DMSO TCE

1.0 18 (6.0 ± 2.63) 31 (11.0 ± 1.35) 9.14 ± 0.072

1.2 31 (10.3 ± 4.07) 77 (28.8 ± 2.42) 8.92 ± 0.124

0.002 21 (7.0 ± 6.29) 58 (20.9 ± 1.12) 9.40 ± 0.118

0.035 115 (38.3 ± 10.69) 185 (100) 7.73 ± 0.115

1.0 0.002 16 (5.3 ± 1.80) 81 (28.7 ± 2.04) 9.14 + 0.089

1.2 0.002 42 (14.0 ± 4.13) 118 (45.9 + 1.78) 8.92 ± 0.109

1.0 0.035 239 (79.7 ± 9.24) 61 (100) 7.55 ± 0.219

1.2 0.035 260 (86.7 ± 6.44) 40 (100) 7.08 + 0.112

a N for aLL treatments equaled 300 embryos from three separate experiments. There

were 12 dishes of 25 embryos per dish.
b Standard Error of Mean.
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Table 16

Effects of Acetone, TrichloroethyLene (TCE) and their Interactions on Mortality,

MaLformation and Growth.

Treatmenta Mortality MaLformation Mean Length

%(v/v) No. (X) No. (X) (mm)

FETAX soin.

Control 17 (5.7 ±2.00b  15 (5.15± 1.44) 9.36 ± 0.069

Acetone TCE

0.9 37 (12.3 ± 4.52) 47 (17.9 ± 1.49) 9.01 ± 0.066

1.0 19 (6.3 ± 2.12) 124 (44.3 ± 4.13) 8.91 ± 0.095

0.002 11 (3.7 ± 1.51) 56 (19.5 ± 1.26) 9.31 ± 0.072

0.035 77 (25.7 + 7.84) 223 (100) 8.21 ± 0.179

0.9 0.002 34 (11.3 ± 3.30) 111 (41.7 ± 2.93) 9.02 ± 0.101

1.0 0.002 21 (7.0 ± 3.94) 175 (62.7 ± 4.41) 8.88 ± 0.081

0.9 0.035 147 (49.0 ± 7.61) 153 (100) 7.69 ± 0.133

1.0 0.035 151 (50.3 ± 9.33) 149 (100) 7.76 ± 0.268

a N for aLL treatments equated 300 embryos from three separate experiments. There

were 12 dishes of 25 embryos per dish.
Standard Error of Mean.



page 156

Tale 17

Effects of TriethyLene Glycol (TG), TrichLoroethyLene (TCE) and their Interactions on

Mortality, Malformation and Growth.

Treatmenta Mortality Malformation Mean Length

%(v/v) No. MX No. MX (Mm)

FETAX sotn.

Control 32 (10.7 ± 2 .8 0b) 29 (10.8 + 2.35) 9.29 ± 0.127

TG TCE

1.7 18 (6.0 + 1.87) 63 (22.2 + 2.31) 9.13 ± 0.121

2.0 23 (7.7 ± 2.17) 101 (36.4 + 2.41) 8.76 + 0.165

0.002 32 (10.7 ± 2.33) 74 (27.5 ± 2.70) 9.24 + 0.129

0.035 99 (33.0 + 9.57) 201 (100) 8.03 + 0.292

1.7 0.002 25 (8.3 ± 2.28) 132 (48.1 ± 7.05) 8.91 ± 0.150

2.0 0.002 27 (9.0 ± 2.15) 192 (70.3 + 6.97) 8.60 + 0.182

1.7 0.035 130 (43.3 1 10.92) 170 (100) 7.62 ± 0.354

2.0 0.035 151 (50.3 ± 11.01) 149 (100) 7.39 + 0.387

a N for all treatments equated 300 embryos from three separate experiments. There

were 12 dishes of 25 embryos per dish.
b Standard Error of Mean.
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Plate 28. Side view, from top to bottom Control, RA 0.02 mg/L,
DMS0 1.2% v/v, RA 0.02 ing/L & DMS0 1.2%- (v/v). Note

blunting of head of RA larva, and slight tail muscular
kinking of DMSO larva. The combined embryo shows both

blunting and tail muscular kinking.

* Plate 29. 7Ientral View, from left to right Control, RA 0.02 mg/L,
DMS0 1.2% v/v, RA 0.02 mg/L & DMS0 1.2% v/v. Both RA
and DM50 induce loose gut coiling individually and
t-ogether.
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Plate 30. Side view, from top) to bottom, Control, RA 0.25 mg/L
DM50 1.0% v/v, RA 0.25 mg/L & DM50 1.0% v/v. The
serverity of the embryo is not changed due to the
ad~dition of DMS0 1.0%.

Plate 31. Ventral view, from right to left, Control, RA 0.025
mg/L, DMS0 1.0%, RA 0.25 mg/L & DMSO 1.0%.
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Plate :2. Side view, from top to bottom, Control, RA 0.25 rng/L,
DMSO 1.2% v/v, RA 0.25 rng/L & DMSO 1.2% v/v.

Plate 33. V entral view, from right to left, Control, IRA 0.25
mg/L, DMS0 1.2% v/v, RA 0.25 mg/L & DM50 1.2% v/v.
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Plate 34. Side view, from top to bottom, Control, RA 0.02 mg/L,
Acetone 0.9% v/v, RA 0.02 mg/L & Acetone 0.9% v/v.

Plate 35. Ventral view, from left to right, Control, RA 0.02
mg/L, Acetone 0.9% v/v, RA 0.02 mg/L & Acetone 0.9%
i/v.
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Plate 36. Side view, from top to bottom, Control, RA 0.02 mg/L,
Acetone 1.0% v/v, RA 0.02 Tng/L & Acetone 1.0% V/V.

V.V
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Plate 38. Side view, from top to bottom, Control, RA 0.25 mng/L,
Acetone 0.9% v/v, UA 0.25 mg/L & Acetone 0.9% v/v.

Plate 39. ',entral view, f'rom left to right, Control, RA 0.25
ng/L, Acetone 0.9% v/v, RA 0.25 mg/L & Acetone 0.9%
'71v.
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Plate 40. Side view, from top to bottom, Control, RA 0.25 rng/L,
7.cetone 1.0% v/v, RA 0.25 mg/L & Acetone 1.0% v/v.

Plate 41. Ventral view, from left to right, Control, RA 0.25
mg/L, Acetone 2..0% v/v, RA 0.25 mg/L & Acetone 1.0%
v /v.
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Plate 42. Side view, from top to bottom, Control, RA 0.02 mg/L,
TG 2.0% v/v, RA 0.02 mg/L & TG 2.0% v/v.

Plate 43. Ventral view, - c- right to left, Control, RA 0.02
ma/L, TG 2.0% v/V, RA 0.02 rng/L & TG 2.0% v/v.
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Plate 44. Side view, from ton to bottom, Control, RA0.25 mg/L,
TG 1.7% v/v, IRA 0.45 mng/L & TG 1.7% v/v.

Plate -5. Ventral view, from l.eft :o right, Control, RA0.25
maQ/L 2G 1.7% v/v, -U 0.25 mg/L & TG 1.7% v/v.
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SI

?late 46. Side view, from top to bottom, Control, k'A 0.25 mg/L,
TG 2.0% v/v1 R 0.25 ma/L & TG 2.0% v/v.

Plate 47. V.entral view, from left to right, Control, RA 0.25
..i/L, TG 72.0% v/v, RA 0.25 mg/L & TG 2.0% v/v.
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3. Metabolic Activation System

Acetaminophen: Acetaminophen (Tylenol) is listed as a variable
negative that may be altered by metabolism (Table 3). Shepard (34) indicated
that there was no evidence for human teratogenicity and most of the animal
studies were negative. Potter et al. (44) presented evidence that cytochrome
P-450 was i ed in the conversion of Acetaminophen to an N-hydroxy
derivative that causes hepatic necrosis in rats. This made the study of
Acetaminophen interesting because it may be negative without an in vitro
metabolic activation system (MAS) but positive with the rat liver MAS.
Mammals may be able to ameliorate these negative effects because of the
placental relationships.

Table 2 shows the effects of Acetaminophen on Xenopus growth and
development. This compound has turned out to be very unusual in its mode of
action. Although its solubility in aqueous solutions is excellent it
nonetheless gave highly variable results. We have run this test 6 times with
three different operators and continue to get unusual results. We only
presented three of these experiments to conserve space. Dose-response curves
undulate slightly (Figure 6S) and the 96-hr LC50 can shift as is seen in the
third definitive test with antibiotics. Some of the variability seen can be
due to the presence of bacteria as the inclusion of penicillin and
streptomycin improve embryo survival (definitive #3). However, interaction
between antibiotic and Acetaminophen must be considered. We are continuing
to explore this possibility in our lab. Acetaminophen is negative in FETAX
for at least the majority of the tests conducted as the mean TI for
definitives 1 and 2 is only 1.3. The mean MCIG is 0.11 and Figures 69 and 71
show that Acetamiaophen does not affect growth until nearly 65% of the 96-hr
LC50. Therefore, the best data available shows that Acetaminophen is a.
negative in FETAX when there is no metabolic activation system present. At
this time we have not added the MAS to the experiment. If the mammalian
literature is correct, the addition of rat liver microsomes may affect the
96-hr LC and EC50(malformation) but this should not change the TI or the
final conclusion that Acetaminophen is not a developmental toxicant. At this
time we do not have any pictures of Acetaminophen treated ewbryos.
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Figure 68. 96-h Mortality and Malformation Dose-Response Curves for
Acetaminophen, Definitive Test #1. The curve includes only those points used
in producing the dose-response curve although other concentrations were
testeo as well (See: Appendix). Each point represents 50 embryos for each
concentration.
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Figure 69. 96-h Growth Dose-Response Curve for Acetaminophen, Definitive Test
#1. The plot shows the % of control versus the % of the 96-h LC50. Strong
teratogens often cause reduction in growth at very low percentages and the
slope of the line is very steep. A strong teratogen can cause embryos to
become only 45% of control length at high concentrations.
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Figure 70. 96-h Mortality and Malformation Dose-Response Curves for
Acetaminophen, Definitive Test #2. The curve includes only those points used

in producing the dose-response curve although other concentrations were

tested as well (See: Appendix). Each point represents 50 embryos for each

concentration.
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Figure 71. 96-h Growth Dose-Response Curve for Acetaminophen, Definitive Test
#2. The plot shows the % of control versus the % of the 96-h LC50. Strong
teratogens often cause reduction in growth at very low percentages and the
slope of the line is very steep. A strong teratogen can cause embryos to
become only 45% of control length at high concentrations.
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Acetazolamide: We have only run a single range test on Acetazolamide
to date (Table 3). Shepard (34) has 9 listings for Acetazolamide many of
which indicate that Acetazolamide has significant developmental toxicity.
Smith et al (22) provide evidence that Acetazolamide is a teratogen in
rodents but not rabbits and monkeys. They also indicate that it is not
metabolized. For this reason we listed it in Table 3 as a variable positive
that was not subject to MAS. Sabourin and Faulk (14) reported a TI of <1.6
for Acetozolamide. However, Dumont obtained a TI of 3.46 for this compound.
We have only performed a single range test without MAS to date and we used
concentrations that were too low to observe an effect.

We have scheduled further work on this compound for the last quarter of
the project.
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Benzo(a)pyrene: Benzo(a)pyrene (BP) is a common environmental
contaminant which is often produced through combustion. Shepard (34) lists
BP as a developmental toxicant with more resorptions (embryolethality)
occurring at higher concentrations than malformations. There is ample
evidence that metabolic activation plays a crucial role in the conversion of
BAP to an active metabolic that is mutagenic and able to bind to
macromolecules such as DNA (45). We have listed BAP as a positive teratogan
that requires metabolic activation for its activity (Table 3). The mean TI
without MAS is listed in Table 3 as >1 but the value is really not able to be
calculated because we could not get enough into solution to get an adequate
96-LC50. The mean 96-hr EC50(malformation) was 10 ug/ml without MAS. With
the in vitro MAS, it was still not possible to get an 96-hr LC50 because
of solubility problems but the 96 hr-EC50(malformation) was lowered to 1.17
ug/ml thereby increasing the spread between the theoretical mortality curve
and the malformation dose-response curve. Figures 72 and 74 show two typical
mnalformation dose-response curves for BP with and without MAS. It can be
seen that bioactivation moves the curve towards lower concentrations.
Figures 73 and 75 show only a modest increase in growth inhibition caused by
the metabolic activation of BP.

In summation, metabolic activation of BP decreased the 96-hr
EC50(malformation) by 5 to 6 fold. Embryolethality was not affected up to
the maximum soluble concentration. Thus, bioactivation significantly
increased the potential hazard of BP. Unactivated BP induced primarily gut,
mouth, and skeletal malformations (Plate48). Bioactivation increased the
severity of skeletal deformities and caused serious brain (microencephaly)
and eye malformations at low BP concentrations. Some of the malformations
induced by BP in mammalian test systems were similar to . '-se observed with
Xenopus. Shum et al. (46) found that B-naphthoflavune-enhanced BP
metabolism in AKR inbred mice injected with BP between 50 and 300 mg/kg was
associated with increased in utero toxicity and terata (club foot, cleft

,-alate and lip, kinky tail, hemangioma, anopthalmia and scoliosis). Skeletal
Kinking in Xenopus may bear some relationship to skeletal limb defects in
mammals. Similar terata were also observed in B6 (46) and C57BL/6 (47)
strain mice after i.p. injection, but occurred more frequently than in the
AKR strain. Greater incidence of anomalies found in the B6 strain has been
attributed to genetic variability in the rate of BP biotransformation (i.e.
C57BL/6N and B6 strain mice- a highly inducible P-450 isozyme (AAH)
responsible for BP metabolism).
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Figure 72 • 96-h Mortality and Malformation Dose-Response Curves for
Benzo(a)pyrene Definitive Test #1. The curve includes only those points used
in producing the dose-response curve although other concentrations were
tested as well (See: Appendix). Each point represents 50 embryos for each
concentration.
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Figure 73. 96-h Growth Dose-Response Curve for Benzo(a)pyrene, Definitive
Test #I. The plot shows the % of control versus the % of the 96-h LC50.
Strong teratogens often cause reduction in growth at very low percentages and
the slope of the line is very steep. A strong teratogen can cause embryos to
become only 45% of control length at high concentrations.
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Figure 74. 96-h Mortality and Malformation Dose-Response Curves for
Benzo(a)pyrene , Definitive Test #2. The curve includes only those points
used in producing the dose-response curve although other concentrations were
tested as well (See: Appendix). Each point represents 50 embryos for each
concentration.
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Figure 75 . 96-h Growth Dose-Response Curve for Benzo(a)pyrene, Definitive
Test #2. The plot shows the % of control versus the % of the 96-h LC50.
Strong teratogens often cause reduction in growth at very low percentages and
the slope of the line is very steep. A strong teratogen can cause embryos to
become only 45% of control length at high concentrations.
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Plate 41. Effects of Different Concentrations of Benzo(a)pyrene on
Xenopus Development. Control embryos achieved Stage 46 at the end
of the 96 h exposure period. Side view presented to show effect on
brain, eye and spinal cord. From top to bottom: control, 10 ug/ml
unactivated, 5 ug/ml activated.
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Dimethylnitrosoamine: Dimethylnitrosoamine (DMN) is a metabolically
activated DNA alkylating agent that possesses considerable clastogenic (48),
mutagenic (49) and Leratogenic potential (50). DMN is probably metabolized
to hydroxymethyl-methylnitrosamine. This developmentally toxic intermediate
is very short lived. If the route of injection in mice is such that the dam
can detoxify the substance before it gets to the embryo, then little
teratogenicity occurs (50). When the route of injection is such that the DMN
metabolite can be formed and promptly delivered to the embryo then it is a
potent tera ogen. This fact poses an unusual problem with FETAX. Since
there is no maternal relationship and the metabolite should be formed just
outside the Xenopus embryo by the rat liver microsomes, we would predict
that unactivated DMN would be relatively nonteratogenic and that metabolized
DMN would be about as teratogenic as Benzo(a)pyrene. This would be a
perfectly logical finding but nonetheless a false positive result depending
on the mammalian route of exposure. This points out the danger of using the
mammalian database as a validation standard and the need to consider the
metabolism of a toxicant before making a conclusion as to its hazard to human
populations.

We have performed only a single test to date on DMN (Table 3). The
results indicate that our original predictior is correct in the case of
unactivated DMN. The TI is only 1.6 while the 96-hr LC50 and
EC50(malformation) is 3.5 and 2.3 mg/ml -espectively. Figure 76 shows the
96-hr dose-response curve tor mortality and malformation. These curves are
reasonably close together. It must be remembered that the 96 hr Xenopus
embryo is attaining a degree of metabolic competence during the last stages
of development. Thus, the two curves may be slightly wider as a result.
Figure 77 shows the growth inhibition curve for DMN. Most of the growth
inhibition observed occurs after 50% of the 96-hr LC5O concentration and
after this point, the decline is quite sharp to 70% of control values. This
growth inhibition curve is typical for a weak teratogen or growth inhibitor.
By the next quarterly report we will have micrographs of the types of
abnormalities and we will have evidence as to whether MAS causes a
significant increase in developmental toxicity. If there is no significant
increase then we will try an analog (Acetoxymethyl-Methylnitrosamine) which
resembles the active intermediate. If FETAX responds to high doses of this
intermediaLe then we aust assume that DMN is quickly degraded on the outside
by the rat liver microsomes and that the metabolite does not get into the
embryo. If we do not get a response with this analog then we must assume
that it either is not getting in or the embryo is not reacting to it.
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Figure 76. 96-h Mortality and Malformation Dose-Response Curves for
Dimethylnitrosoamine, Definitive Test #1. The curve includes only those
points used in producing the dose-response curve although other
concentrations were tested as well (See: Appendix). Each point represents 50
embryos for each concentration.
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Figure 77. 96-h Growth Dose-Response Curve for Dimethylnitrosoamine,
Definitive Test #I'. The plot shows the % of control versus the % of the 96-h
LC50. Strong teratogens often cause reduction in growth at very low
percentages and the slope of the line is very steep. A strong teratogen can
cause embryos to become only 45% of control length at high concentrations.00
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Sodium Salicylate: Sodium Salicylate is listed as a variable positive
that should not undergo any metabolic activation (Table 3). There is little
evidence presented in Shepard (34) that Sodium Salicylate causes terata in
humans but it does cause abnormal development in many animal models. Smith
et al. (22) list Aspirin, a related compound, as a strong animal positive
teratogen but that there is no demonstrated teratogenicity in humans. There
is also some variability in the literature on whether biotransformation plays
a significant role in teratogenesis. Smith et al. (22) indicated that
Aspirin is subjected to hydrolysis and detoxification by conjugation.
Gabrielsson and Larsson (51) agree that it is the parent compound (in this
case Salicylic Acid) that causes the teratogenic action and not its three
major metabolites which do not cause harm when administered in pure form in
rats. This data suggests that if biotransformation and conjugation is
functional, the embryotoxicity, teratogenicity and growth inhibition of
Sodium Salicylate should decrease. However, Juchau (52) has used Sodium
Salicylate in the in vitro rat embryo culture system. This is the
closest mammalian test system to FETAX plus rat liver microsomes because rat
embryos can be cultured with and without S9 supernatant (A source of
cytochrome P-450 enzymes). He reports that the addition of S9 to the culture
system made little difference in the generation of teratogenicity in
vitro. Because of this report we listed Sodium Salicylate as an expected
negative for MAS in Table 3.

We found that the mean TI for Sodium Salicylate without MAS was 1.64 and
the mean 96-hr LC50 and EC50(malformation) were 2.32 and 1.47 ug/ml
respectively (Table 3). With the inclusion of a MAS to the basic FETAX
protocol the mean TI dropped slightly to 1.55 and the mean 96-hr LC50 and
EC50(malformation) were 2.25 and 1.45 ug/ml respectively. After an
examination of the confidence limits for these dose-response curves (see:
Data Summary sheets), we concluded as did Juchau (52) that the inclusion of a
metabolic activation system had little effect on results. We were
disappointed in seeing that the teratogenicity of Sodium Salicylate was very
weak as the unactivated TI was only 1.64. However, Sabourin and Faulk (14)
listed Aspirin as <1.6 and Dumont obtained a TI value of 1.43 for Sodium
Salicylate so we think that our value is correct. Figures 78 and 80j show the
dose-response curves for the two tests on this compound. The tests for
activated Sodium Salicylate were more repetitive than for unactivated.
Figures 79 and 81 show the effect of Sodium Salicylate on embryonic growth.
Once again the inclusion of MAS makes little difference in Figure79 and a
greater difference in the higher concentration regions of Figure 81. The
inability to cause significant growth inhibition at concentrations below 50%
of the 96-hr LC50 is more suggest of a weak or nonteratogen than a strong
teratogen. Plate 49 shows that malformations caused by Sodium Salicylate can
be quite severe. Whether exposed to Sodium Salicylate with MAS or without,
similar types of malformations are observed. Blistering, edema and severe
malformations to all major body organs are evident. However, tail kinking is
minimal. We have thus far concluded that Sodium Salicylate is not detoxified
well in our system and obviously it is not eliminate as it is in mammals. We
do a better job of repeating the cultured rat embryo test system than we do
the in vivo model.

In summary, our results so far using rat liver microsomes are
encouraging. It should be possible to reduce the number of false positives
and negatives in FETAX by employing Aroclor 1254 induced rat liver microsomes
as an in vitro metabolic activation system. Given that these microsomes
are only a subset of all the mammalian detoxification systems, there will be
some compounds that still do not test as expected.
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Figure 7P. 96-h Mortality and Malformation Dose-Response Curves for
Salicyclic Acid, Definitive Test #1. The curve includes only those points
used in producing the dose-response curve although other concentrations were
tested as well (See: Appendix). Each point represents 50 embryos for each
concentration.
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Figure 79 . 96-h Growth Dose-Response Curve for Salicyclic Acid, Definitive
Test #1. The plot shows the % of control versus the % of the 96-h LC50.
Strong teratogens often cause reduction in growth at very low percentages and
the slope of the line is very steep. A strong teratogen can cause embryos to
become only 45% of control length at high concentrations.
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Figure 80. 96-h Mortality and Malformation Dose-Response Curves for
Salicyclic Acid, Definitive Test #2. The curve includes only those points
used in producing the dose-response curve although other concentrations were
tested as well (See: Appendix). Each point represents 50 embryos for each
concentration.
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Figure 81 . 96-h Growth Dose-Response Curve for Salicyclic Acid, Definitive
Test #2. The plot shows the % of control versus the % of the 96-h LC50.
Strong teratogens often cause reduction in growth at very low percentages and
the slope of the line is very steep. A strong teratogen can cause embryos to
become only 45% of control length at high concentrations.
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Plate 49. Effects of Different Concentrations of Sodium Salicylate
on Xenopus Development. Control embryos achieved Stage 46 at the
end of the 96 h exposure period. Side view presented to show effect
on brain, eye and spinal cord. From top to bottom: control, 2 ug/ml
unactivated, 2 ug/ml activated.
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COMPARATIVE EFFECTS OF SODIUM ACETATE, CAFFEINE, AND
5-FLUOROURACIL ON THE DEVELOPMENT OF FROG (XENOPUS LAEVIS) AND. FATHEAD MINNOW (PIMEPHALES PROMELAS) EMBRYOS

The developmental toxicities of sodium acetate (SA),
caffeine (CAF), and 5-fluorouracil (FLU) were determined by
examining malformation, mortality, and growth of exposed frog
(Xenopus laevis) and fathead minnow (Pimephales Promelas)
embryos. The tests were performed using a modified protocol of
the Frog Embryo Teratogenesis Assay--Xenopus (FETAX). This
protocol allowed for the same temperature and exposure time for
both species (120 hrs or 5 days) and for similar embryological
events to occur during exposure.

The fathead minnow (Pimephales promelas) has been
established in many laboratories as an assay fish for determining
the toxicity of complex environmental mixtures and pure compounds
(Brungs, 1969; Devlin et al., 1985; Holcombe et al., 1982; McKim,
1977; Pickering and Gast, 1972). When combined, the use of fish
and amphibian embryos together as test organisms are useful for
evaluating the developmental toxicity of chemicals and
environmental mixtures (Birge et al.,1983; Birge et al., 1985;
Dawson et al., 1988).

Because of the number of tests performed with aquatic
organisms, an interspecies comparison study is necessary to
further investigate the effects that toxicants have on different
species. It is impossible to compare sensitivities when the test
organisms have been exposed during different embryological
stages. Differing exposure periods (time) can strongly influence
bioassay results as the assumption that internal toxicant levels
are equal to the toxicant-water concentration is only true when
steady-state is reached (McCarty, et al. 1985; McCarty, 1986;
Veith et al. 1979).

In this investigation a modified FETAX protocol was followed
in order to determine the relative developmental toxicities of
sodium acetate, caffeine, and 5-fluorouracil to frog (Xenopus
laevis) and fathead minnow (Pimephales promelas) embryos.
Previous studies with zinc employing a 4 day exposure for Xenopus
and 6 day exposure for Pimephales found that Pimephales were more
sensitive than Xenopus (Dawson, et al. 1985). Birge et al.
(1979;1983) have attempted to make amphibian and fish species
comparisons on development and exposure but have used differing
exposure periods (time to hatching plus four days).

The purpose of this study and the choice of the two species
involved is to derive comparable data and to determine if species
differences can be attributed to relative uptake of toxicant.
Endpoints measured include growth, malformation, and mortality.
A Teratogenic Index (TI=120-hr LC50/120-hr EC50 (malformation))
was calculated for each test. A species can be more sensitive by
showing affects at lower concentrations, or it can also show a
greater TI and thus be more sensitive to developmental toxicants.
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MATERIALS AND METHODS

. Chemicals

Pure chemicals tested included sodium acetate (SA) a
nonteratogen, caffeine (CAF) a moderate teratogen and 5-
fluorouracil (FLU) a strong teratogen. These were chosen based
on their developmental toxicity, availability, and known
mammalian data (Smith et al., 1983). Chemicals were obtained for
initial testing from Sigma Chemical Co.

Test Organisms

Animal culture and breeding procedures for Xenopus were as
described previously (Dawson and Bantle, 1987). Frog eggs were
sorted for normally developing fine-cell blastulae to early
gastrula stage eggs (Nieuwkoop, 1975). Fathead minnow eggs were
obtained the day of the test from the Water Quality Research
Laboratory, Oklahoma State University, and from Stover and
Associates, Biometrics Laboratory, Stillwater, Oklahoma. Fish
eggs were separated and chosen for fine-cell blastula to early
gastrula stages (Devlin, 1982).

Initial Concentration-Response Studies

Dilutions of the test material were made with modified FETAX
solution (MFS) which has been shown to allow normal development
of both frog and fathead minnow embryos (Dawson, 1988). MFS is a
reconstituted water medium containing 400 mg NaCl, 96 mg NaHCO3,
30 mg KCl, 14 mg CaCI 2 , 60 mg CaSo 4 .2H20, and 75 mg MgSO4 per
liter of deionized distilled water.

At least one range test and two definitive tests were
conducted for each compound. For the range tests at each
dilution 20 frog embryos and 10 or 15 fish embryos were exposed.
For the definitive tests at each dilution 20 frog embryos and 15
or 20 fish embryos were exposed. Tests were composed of four
dishes of controls and two dishes of each concentration with 8 ml
total solution.

Static renewal tests were conducted for 5 days (120 hrs) at
240C± 2 for both species. Test organisms were incubated with a
photoperiod of 16 hr light and 8 hr darkness. A slight
variability in temperature was due to lighting which was
necessary to allow for maximum fish hatching. During the tests
pH was measured daily and dead organisms were counted and
removed.

At termination of the test surviving organisms were
anesthetized with 3-aminobenzoic acid ethyl ester
(methanesulfonate salt) and fixed with 3.0% (w/v) formalin. The
number and type of gross terata occurring were determined with a
dissecting microscope. Head-to-tail length of surviving Xenopus
and hatched fish was collected using an IBM-compatible computer
equipped with digitizing software (Jandel Scientific, Corte
Madera, CA).

The concentration inducing malformation in 50% of surviving
* embryos (120hr-EC50) and the 120hr-LC50 were determined using
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Litchfield-Wilcoxin probit analysis (Tallarida and Murray, 1980).
In addition, the 96hr-LC50 was determined for eatch test to see if

* significant death occurred between day 4 and day 5. The t-test
for grouped observations was used to determine the Minimum
Concentration to Inhibit Growth (MCIG) in each test (p = 0.05).

In this investigation the frog control mortality and
malformation rates were 50 of 560 (8.9%) and 16 of the 510
survivors (3.1%), respectively. For fish the control mortality
and malformation rates were 18 of 460 (3.9%) and 14 of the 442
survivors (3.2%), respectively. Acceptable rates of control
mortality and malformation in FETAX are generally < 10%.

RESULTS

1. Sodium acetate

Sodium acetate did not demonstrate teratogenicity to either
Xenopus or Pimephales. Xenopus mortality and malformation were
affected at concentrations lower than for fish. Similar
malformations were observed for both. (Plates 50-52)

The 120-hr EC50 (malformation) for Xenopus embryos exposed
to SA was 3.3 mg/ml. Variable results were seen between 3.0-5.0
mg/ml because of tank effects. The 120-hr LC50 was 4.3 ma/ml.
The resulting TI was 1.3 and the MCIG was 3.5 mg/ml. The most
common malformations induced by SA in frog embryos was failure of
the gut to coil along with optic and facial malformations, and
edema. These malformations were evident at concentrations > 2.0
mg/ml. At concentrations > 3.5 mg/ml spinal kinking and
stunting was common. At concentrations > 4.5 mg/ml, severe
kinking, optic and facial malformations and edema occurred.

The 120-hr EC50 (malformation) for fathead minnow embryos
exposed to SA ranged from 13.3-13.5 mg/ml. The 120-hr LC50
ranged from 9.0 to 9.2 mg/ml. The resulting TI was 1.5. The
MCIG ranged from 7.0 to 8.0 mg/ml. The most common malformation
induced by SA in fish was spinal kinking and stunting. At
concentrations > 7 mg/ml spinal kinking and stunting was common
along with heart edema and facial malformations. At
concentrations > 13 mg/ml severe kinking, optic and facial
malformations and edema occurred.

2. Caffeine

Caffeine was only slightly teratogenic to Xenopus but was
strongly teratogenic to fish. Pimephales were malformed at
concentrations lower than that required to effect Xenopus. Fish
also survived to concentrations higher than Xenopus could
tolerate--thus making the TI for fish greater. Both organisms
demonstrated similar trends in malformation, though fish
exhibited more severe anomalies as in complete curling of the
tail. (Plates 53-55)

The 120-hr EC50 (malformation) for Xenopus embryos exposed
to CAF ranged from 0.12 to 0.13 mg/ml. The 120-hr LC50 ranged
from 0.18 to 0.22 mg/ml. The resulting TI was 1.5-1.7 and the
MCIG ranged from 0.05 to 0.10 mg/ml. The most common

* malformations induced by CAF in frog embryos was spinal kinking
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at concentrations > 0.03 mg/ml. At concentrations > 0.14 mg/ml,
facial malformations, and improper gut coiling were common. At

* concentrations > 0.16 mg/ml moderately severe spinal kinking,
stunting, and edema were observed.

The 120-hr EC50 (malformation) for fathead minnow embryos
exposed to CAF ranged from 0.04 to 0.10 mg/ml. The 120-hr LC50
ranged from 0.51 to 0.76 mg/ml. The resulting TI was 7.6-12.8
and the MCIG was < 0.02 mg/ml. The most common malformations
induced by CAF in fish were spinal kinking and stunting at
concentrations > 0.02 mg/ml along with occasional facial and eye
malformations. At concentrations > 0.10 mg/ml moderate spinal
kinking, heart defects, and edema were noted. At concentrations
> 0.2 mg/ml severe curling of the tail and growth stunting
occurred.

3. 5-Fluorouracil

5-Fluorouracil was strongly teratogenic to both Xenopus and
Pimephales. Xenopus were affected at lower concentrations as
with SA. Both demonstrated similar malformations and resulted in
especially severe and stunted embryos at high concentrations.

The 120-hr EC50 (malformation) for Xenopus embryos exposed
to FLU ranged from 0.06 to 1.00 mg/ml. The 120-hr LC50 ranged
from 0.55 to 0.62 mg/ml. The resulting TI was 5.4-11.3 and the
MCIG ranged from < 0.05 to 0.25 mg/ml. Multiple malformations
consisting of gut, facial, eye, brain, heart and spinal
malformations were common in concentrations > 0.02 mg/ml. At
concentrations ranging from 0.1 to 0.3 mg/ml similar multiple
malformations occurred in greater severity along with stunting,
edema and blistering. At concentrations > 0.5 mg/ml embryos were
so severely stunted that vitality was difficult to determine.

The 120-hr EC50 (malformation) for fathead minnow embryos
exposed to FLU ranged from 0.15 to 0.77 mg/ml. The 120-hr LC50
ranged from 1.33 to 4.67 mg/ml. The resulting TI was 6.1-8.9 and
the MCIG ranged from 0.08 to 0.10 mg/ml. The most common
malformations induced by FLU in fish were spinal kinking, reduced
eye size, and head milformations at concentrations > 0.1 mg/ml.
At concentrations > 0.3 the severity of brain, eye, bisitering,
and spinal kinking increased. At concentrations greater than 0.5
mg/ml embryos were very stunted with heart malformations. (Plates
56-58)

These tests suggest that Xenopus laevis and fathead minnows
respond with similar malformations when exposed to sodium acetate
and 5-fluorouracil. Xenopus is affected at lower concentrations
by SA and FLU. Caffeine was more teratogenic to fathead minnows
and resulted in more severe malformations than Xenopus. Fish
were malformed at lower concentrations but survived to higher
concentrations than Xenopus when exposed to CAF. Further tests
are planned using 14C labeled material and liquid scintillation
counting of whole fish and frog residue in order to related
uptake to amount of mortality and malformation observed.



page 203

00

Z'-

0 0 60

E- 0 ON

oo

o\OO 00

Go~a co4 Lo 40 c) \

UilQd)5S~2sl



page 204

0

IC

00

00
100

C\2z

00*

0 C82

0 0 0 0 %0 0 0

* HIDNHI ']OHLNOO NV5[Y( I10D5d



page 205

Q) 0

00
040

00

)>

P-0o 0
'0 '.4

r-4 0

P-o
o- 4 .

04

oa

aed 0

(naollia) 51SNOdsa1



page 206

0
o

toz

eLn -

01

HIDNT _INNONaNIZH



page 207

0

0 0
00'-4

ow
00

ooQ 00

E-44 E-40 m 0

o~Po

.0.4 z

~N 0 P-4P
0

To

- .4.\2

LLd:9S4dZ



page 208

0 -C0

It Z

E--

L ) S O

0 co I, o L

H *N1 IHNO V1 N1H1



page 209

ONO 1)P1
n ice

V Vn
u

kn 0

tn~

tt~ Rcc

iii
C; o 00

CC

co



page 210

Plate 50. The Effects of Different Concentrations of Sodium Acetate on
.enovus laevis. Embryos were exposed for 120-h. A side is view presented to
snow that only minor maiformauons occur. From top to bottom: Control. 3
mgml. 4 mg,:ml ano 5 mg/ml.

* Plate 51. Effects of Different Concentrations of Sodium Acetate on
Pinmeplaies promeias Development. Fry were exposed for a length of 120-h.
This side view presents the most common malformations seen in the fish. spinal
kinking an stunting. From top to bottom: Control. 8.0 mg/ml. 11 mg/ml and
15 m_/mi.
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Plate 52 .The Comparative Effects of Different Concentrations of
Sodium Acetate on Xenopus laeis and Pimephales promeias. Larve were
exposed to SA for 120-h. A side is view presented to show relative similarity in
,he malformations. From top to bottom: Xenopus control and high
concentration. Pitnephales control and high concentration.



age 212

p late 53. Trie Effects of Different Concentrations of Caffeine onl

::1norns iaevIs. Embryos were exDosed for 120-h. A side is view presented to

,now the moderate teratogeflic effects. sPinal kinking, improper gut coils andl

aciai maifornlatiofl. From top) to bottom: Control. 0.12. 0.16 and 0.20 mg1ml.

Plate 54. -2ffects of Different Concentrations of Caffeine on Pimenhflaes

-I)*1I)eias DeveboDmfent. .ry eree eXDosea for a ientf of 120-1. This side

jew snows strong teratogenic effects ot A nteih rmtpt otm

:ontroi. 0.05. 0.30) andl 0.70 mg mi.
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Plate 55 .The Comparative Effects of Different Concentrations of
Caffeine on Xenopus Iaevis and Pimephales promnelas. Larve were exposed to
CAF for [20-h. A side is view presented to show differeces in teratogienic
intensity ii the malformations. From top to bottom: Xenopus control and high
concentrat-on. Pirnephaies control and high concentration.
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Plate 56. The Effects of Different Concentrations of 5-Fluorouracil on
.'eno ous laevis. Embryos were exposed for 120-h. A side is view presented to
show tmat high degrees of malformations occur with FLU. From top to bottom:
Control. 0.10 mg/ml. 0.25 mgimi and 0.50 mg/ml.

Plate 57. ,Effects of Different Concentrations of 5-Fluorouracil on
Pine'haies promelas Deveiopnent. Fry were exposed for a length of 120-h.
This side view presents the most common malformations seen. spinal kinking
reduced eye size and head malformation. From top to bottom: Control. 0.10
mOml, 1.0 mg/mi ana 2.0 m2/ml.
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Plate 58. The Comparative Effects of Different Concentrations of 5-
Pluorouiracil on Xeno pus Iaevws and Pimenvhales pr-oineis. Larve were expose-d
,o FLU for 120-h. A side is view presented to show similarity in tie degyree of
malformations. From top to bottom: Xenopus control and hlish concentration,
Pimepihales control ana high concentration.
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I
|0 Preface

The increasing costs of performing mammalian- This atlas is intended as a companion to the
based developmental toxicity tests, as well as the desire to American Society for Testing and Materials (ASTM)
reduce the number of laboratory mammals utilized in these standard guide for conducting the FETAX assay. The
tests, has stimulated the development and validation of information and illustrations contained in this atlas provideI short-term non-mammalian screening tests to assess the a basis for the initial establishment of the assay in a
developmental toxicity potential of a wide variety of pure- laboratory, as well as a guide in the identification and
chemicals and complex mixtures. We believe that the Frog interpretation of developmental abnormalities observed in
Embryo Teratogenesis Assay-Xenopus (FETAX) will embryos during the performance of the assay.
provide a rapid, low cost alternative to the mammalian tests Preparation of this atlas has been supported by the
currently in use. FETAX was first developed by Dr. James U.S. Army Medical Research and Development Command
Dumont and his co-workers at Oak Ridge National under Contract DAMD1 7-88-C-8031. The views, opinions,
Laboratory in 1983. The assay originally was developed to and/or findings contained in this document are those of the
assess the potential developmental toxicity of complex authors and should not be construed as official Department
mixtures derived from the synthetic fuels program. The of the Army position, policy, or decision, unless so
assay is based on a large body of information generated by designated by other official documentation.I a number of researchers in studies on normal embryonic Research was conducted in compliance with the
development in which the developing Xenopus embryo was Animal Welfare Act, and other Federal Statutes and
used as the model system. regulations relating to animals and experiments involving

The assay, as it is currently performed, is useful in animals and adheres to principles stated in the Guide fori screening for the potential developmental toxicity of both the Care and Use of Laboratory Animals, NIH Publication
single chemicals, such as pharmaceuticals or commodity 86-23, 1985 edition. Citations of commercial organiz-
chemicals, and complex chemical mixtures, such as ations or trade names in this atlas do not constitute an
environmental samples. Research is in progress to identify official Department of the Army endorsement or approval of
suitable carrier solvents for non-water-soluble test samples, the products or services of these organizations.
to develop an exogenous metabolizing system utilizing liver
microsomes to allow prc';eratogens to be tested in the John A. Bantle, Ph.D.W assay, and to develop methods so the assay can be James N. Dumont, Ph.D.
utilized under field conditions for testing environmental Robert A. Finch, Ph.D., D.A.B.T.
samples. Gregory Linder, Ph.D.

I
I
I
I
I
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Chapter 1

Adults and Adult Care
This chapter covers sex determination, human significantly larger than the males and those with a nose

chorionic gonadotropin (HCG) injection, and amplexus. to rump length of 9 to 14 cm should be used. Males
Only a limited discussion of diseases will be provided should be 6 cm or greater in length. Males and females
because the frogs are normally quite hardy. Additional should be rested 60 to 90 days between matings. Fewer
details of adult care are contained in the ASTM standard eggs -e produced if matings occur at less than 60 day
guide for FETAX. intervals and a higher percentage of bad eggs are

FETAX uses Xenopus laevis embryos; other species produced if intervals between matings extend beyond a
of Xenopus should not be used. Healthy animals can 90-day period.
provide embryos for several years. Females are

Figure 1-1. Normal Adult Female.

Although females are larger than males, size should
not be used to determine sex. Females are easily
identified by their fleshy cloacal lips which increase in size
following HCG injection. Gravid females that have not
been recently bred often show bulging flanks as the
ovaries expand. This particular animal is not ready for
breeding (see Figure 1-9 for comparison). Coloration will
also vary considerably since skin color changes with
surroundings (photo by Hull).

IA

* Figure 1-2. Normal Adult Male.

Males lack fleshy cloacal lips but possess dark
C C forearm pads (nuptial pads) on the ventral surface of the

hand and forearm which darken even further after HCG
injection (see Figure 1-7). The pale marks on the back of
this male are the result of liquid nitrogen branding for

-- identification purposes. It is not necessary to brand frogs
unless a large colony is to be maintained. With branding,
frogs can be kept in community tanks while individual data
are maintained regarding breeding success and date of
mating. To brand a frog, place the animal in water
containing 1.5 g/L of MS-222 (3-aminobenzoic acid ethyl
ester, methanesulfonate salt; Sigma Catalog # A 5040)
until anesthetized. Remove the frog and place it on a wet
paper towel. Dip a 1/8" diameter wire into liquid nitrogen
for 20 seconds, apply it to the back skin for 6-8 seconds,
and wait 24 hours for the brand to appear. Sixty days
should elapse before mating is attempted in order to
obtain complete recovery. Branding marks last at least
one year. One alternative to branding is toe clipping.
Various schemes can be devised to identify toe clipped
animals (See: Roberts Rugh "Experimental Embryology-I Techniques and Procedures," Burgess Publishing Co,
Minneapolis, page 462, 1968). However, clipped toes
regenerate and the procedure must be repeated every six
months. Identification schemes employing color coded
beads affixed to the skin via stainless steel wire have been
devised but we have experienced trouble with wire loops
ripping loose. Although initially traumatic, branding seems

.. -to be the current method of choice (photo by Hull).



Figure 1-3. Aeromonas Infection.

Aeromonas hydrophila or "red-leg" is a bacterial
infection that causes red blotches on both the abdomen
and the ventral surfaces of the legs. Infected frogs must
be immediately separated from the rest of the colony and
intubated with Tetracycline (Nace, G., "Amphibians:
Guidelines for the Breeding, Care and Maintenance of
Laboratory Animals", National Academy of Sciences, ISBN
0-309-02210-X, 1974). Dissolve Tetracycline-HCI in tap
water to a concentration of 25 mg/ml so that the intubation
volume can be kept at about 0.2 ml. Dose the frog twice a
day with 5 mg Tetracycline-HCI per 30 g body weight for
one week. A small ball-tipped polyethylene stomach tube
connected to a one cubic centimeter tuberculin syringe is
used to administer the antibiotic. Severely infected
animals, such as the one shown in Figure 1-3, should be
destroyed (photo by Hull).

Figure 1-4. Nematode Infection in Adults.

By far the most common infection is that caused by
nematodes. At the onset of infection the skin is rough to
the touch and the frog does not feed actively. In more
advanced stages, the skin turns white and lesions form.
The frog shown in Figure 1-4 has begun to develop
lesions on the back. Finally, the skin will slough off and
the frog will waste away. To confirm nematode infection
scrape a lesion with a single edged razor blade, deposit
the scraping on a microscope slide and add a drop of
water and a coverslip. Observe under 1OOX using a
compound microscope (see Figure 1-5)(photo by Hull).
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Figure 1-5. Nematode Present Among Skin Epithellal
Cells.

Nematodes (arrow) are easily seen among the
masses of epithelial cells. Once a member of the colony
becomes infected, nematodes are likely to be found on all

frogs in the colony. The best preventive measure is to
treat the frogs as they arrive and to keep the colony as
free as possible from infestation. For treatment, prepare
a 4 gm/30 ml tap water stock solution of Thiabendazole
(TBZ) which can be purchased from most agricultural
stores and Sigma (Catalog # T 8904). TBZ is a treatment
for nematodes in cattle. Add 1.5 ml TBZ solution to 2
liters of adult rearing water (dechlorinated or well water).
Pour this solution into a large beaker containing two to
three frogs. Treat overnight and repeat the treatment two
weeks later. Do not mix treated and untreated frogs
(photo by Fort).

I
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Figure 1-7. Male Forearm Pad.

This is a typical male forearm pad 24 hours after
injection with 400 I.U. HCG. The pads assist in clasping
the female during amplexus (see Figure 1-9) (photo by

Figure 1-8. Method of Injecting Human Chorionic
Gonadotropin (HCG).

It is easy to inject Xenopus if the animals are
carefully immobilized. This is accomplished by lightly
restraining the adult in an ordinary aquarium net. Use a
tuberculin syringe with a 1/2" long, 26 gauge needle to
inject the HOG into the dorsal lymph sac. The lymph sac
is bounded by the lateral line which runs along the side of I
the frog and appears as "stitching" on the skin. The
dorsal lymph sac is surrounded by a dashed white line in
Figure 1-2. Injections should be inside (centrad) the
lateral line. Note that one fourth of the needle tip enters
the skin at a shallow (10-15 degree) angle. When
injecting the frog, wrinkle the skin so that the injection can
be administered subcutaneously. Be sure the needle tip
penetrates into the lymph sac and not just into the skin. If

- -- only the skin is penetrated, a blister of fluid usually
appears as the injection takes place. However, the lymph
sac fills with a triangular shape if the injection is done
properly. Keep the point of the needle well away from the
spinal cord (drawing by DeYoung).

Figure 1-9. Amplexus In the Mating Tank.

A male and female frog are shown here in
amplexus. A ten gallon glass aquarium has been used as
a mating chamber. A plastic screen made from a
fluorescent light diffuser grate (available from most
hardware stores) has been used as a grate to support the
adults. Mating is carried out in the dark at a temperature
of 23 00 FETAX solution (ASTM Standard Guide) is
used as the medium and there should be 2.5 inches of
solution above the grte in the mating chamber. The
eggs fall to the bottom where they can be scraped into
plastic Petri dishes. Another useful grate material is a 1
cm plastic mesh (Catalog # XV 0350) manufactured by
InterNet Inc. [2730 Nevada Ave. North, Minneapolis, MN
55427; phone (612) 541-9690]. However, this must be

,;~ purchased in large quantities. Heavy duty aluminum foil
is used as a top and a bubbler is used for aeration. If a
tank with shorter sides is used, a weighted lid may be
necessary to prevent escape (photo by Hull).
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Chapter 2

IStaging and Egg Selection
The normal tables of Xenopus development by FETAX solution for 2-3 minutes with swirling (see Figure

Nieuwkoop and Faber (Nieuwkoop, A.P. and Faber, J., 2-2). After the jelly is removed, the embryos are placed in
Normal Tables of Xenopus laevis (Daudin). 2nd Ed., North large pnlystyrene Petri dishes. Do not keep them at high
Holland, Amsterdam, 1975.) are used in staging embryos concentrations of cysteine or the degradation of overripe
for FETAX. However, they do not cover abnormal unfertilized eggs will affect the survival of otherwise
development and it is important to choose only normally normal embryos. In sorting the embryos, quickly remove
developing embryos. The use of abnormal or over-ripe poorly pigmented and enlarged eggs first. Then, carefully
eggs would lead to unacceptably high mortality and select only normally cleaving embryos and place them into
malformation in controls. The Nieuwkoop and Faber separate dishes containing FETAX solution. Transfer the
(1975) staging guide is now out of print so this chapter eggs with a glass Pasteur pipet that has had the tip
contains enough normal staging information so that broken off and the end fire-polished. Repeat the selection
FETAX can be properly conducted. In order to select only process a second time and choose only the best embryos.
normally cleaving embryos, a double selection process is Control mortality and malformation can be kept to less
used. Cleaving embryos should be scooped up in a small than 5% when proficiency in selection has beeni polystyrene Petri dish and placed in a 125 ml Erlenmeyer developed.
flask. The embryos are dejellied in 2% w/v cysteine-

I
I! Figure 2-1. A Typical Blastula.

This figure shows a dorsal view of a typical Xenopus
Stage 8 blastula as it might be collected from the bottom
of the breeding aquarium. The jelly coat has not been
removed. It is quite sticky and attempts to manipulate the
embryo with a spatula will prove time consuming (photo by

I Hull).

I
I

A Figure 2-2. Decanting the 2% Cysteine after the3 Dejellying Process.

The embryos are dejellied as described in the ASTM
Standard Guide. Great care must be taken not to over-
treat the embryos or they will disintegrate. Note that the
water becomes cloudy as the jelly is removed. As the
embryos begin to roll freely in the flask, stop the gentle
swirling motion and let them settle to the bottom of the
flask. Pour off the cysteine solution as shown. AddI. FETAX solution, swirl briefly and decant. Repeat two

*times (photo by Hull).

I
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SFigure 2-3. Normal Clutch of Unfertilized Xenopus Eggs.

Normal unfertilized eggs have a uniformly pigmented
animal hemisphere and a white to cream-colored vegetal
hemisphere. Several layers of jelly surround each egg and
the eggs can form a large mass. The eggs can be scraped
off the bottom of the breeding aquarium by using a plastic
Petri dish. Place the dish upside down on the bottom of the
aquarium and slide it along the bottom. The eggs will fcrm a
mass along one edge. Gently invert the dish so that you
raise the edge with the eggs first. With a little practice, the
eggs will flip into the dish as you turn it over (photo by
DeYoung).

Figure 2-4. Eggs Laid in a String.

This is an example of eggs laid in a string. Some of
the eggs may appear normal but most are poorly
pigmented and are not round. Even with careful selection
many develop abnormally. This type of egg and embryo
should not be used in FETAX (photo by Bantle).

Figure 2-5. Necrotic Eggs.

These eggs are necrotic as indicated by the lack of
uniformity in the pigmentation pattern. They should be
removed as soon as possible during the selection
process (photo by Hull).

6
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Figure 2-6. Embryos Not Perfectly Round.

Only perfectly round blastulae should be selected
for FETAX. The pigmentation of these is irregular.
Although th. jelly coat has been removed from these
blastulae, the fertilization membrane is still intact
although it is difficult to observe in this photograph (photo
by DeYoung).

I
U
U

Figure 2-7. Yolk Leaking from Blastulae.
Yolk is leaking from these blastulae (arrow) and

occupying the space between the fertilization membrane
and the oolemma. Any embryo showing this type of
leakage should be rejected during the selection process
(photo by Hull).I

I.
I
I

Figure 2-8. Blastula with Abnormal Pigmentation.

This large cell blastula has abnormal pigmentation.
The pigment is poorly distributed; it should be localized in
the animal hemisphere. This type of pigmentation
indicates that the embryo will not develop properly and,
therefore, it should be rejected for use in FETAX (photo

i by Hull).

I
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I
Figure 2-9. Normal Stage 7.5 Blastulae.

Plate A shows a dorsal view of the earliest stage of
development that can be used for FETAX (the ASTM
guide recommends the use of Stage 8). By this stage,
normal cleavage and development can be ascertained.
Note that the pigmentation of this embryo is slightly
irregular. It did not affect development of the embryos

from this clutch. Plate B shows a lateral view of a similar
blastula. The vegetal hemisphere cells are creamy white
to white and always larger than the pigmented animal
hemisphere cells. The pigmentation line is at the equator
of the blastula. Diagram C illustrates the relative cell
sizes of animal and vegetal hemisphere cells and the
extent of migration of pigmented animal hemisphere cells
down across the surface of the vegetal hemisphere3 (photo by Hull; diagram by DeYoung).

Diagram CFigur 2-10. Normal Stage 8 Blastulae.

Plate D is a dorsal view of a medium cell blastula.
Plate E is a lateral view that happens to be tilted away
from the viewer. Notice that there is a gradual reduction
in size of the cells in the animal hemisphere area
compared to the size of the cells in the vegetal
hemisphere. Diagram F is a lateral view blastula
illustrating the gradual reduction in cell size and the
progressive movement of the pigmented animal
hemisphere cells down over the larger white vegetal
hemisphere cells (photo by Hull; diagram by DeYoung).

I
I

Diagram F3Figure 2-11. Normal Stage 8.5 Blastulae.

Plate G, a dorsal view of a fine cell blastula, shows
that cell size has further been reduced. Generally,
pigmentation is more even than that shown here. The
lateral view in Plate H clearly shows that two-thirds of the
blastula is covered with small pigmented cells. Cells at
the equator are less pigmented than those at the top.
Diagram I shows the movement of the small cells down
over the vegetal hemisphere cells. In Plate H, the animal

pole is tilted slightly away from the viewer (photo by Hull;3 diagram by DeYoung).

Diagram I

1 9
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Figure 2-12. Normal Stage 10 Gastrulae.

Plate J shows a dorsal view of a Stage 10 gastrula.
The embryo must usually be rotated on its side in order to
see the dorsal lip of the blastopore. The arrow clearly
shows the blastopore in Plate K. Diagram L shows the
dorsal lip of the blastopore as a cresent-shaped crease
below the equator of the embryo (photo by Hull; diagram
by DeYoung).

I
UP

I
I Diagram L

r LFigure 2-13. Normal Stage 11 Gastrulae.

Plate M is a dorsal view while Plate N is the lateral
view. The blastopore now encircles the lower part of the
embryo and the white circle of yolk cells are now referred
to as a yolk plug (arrow). Diagram 0 shows the extent to
which the animal hemisphere cells have now enveloped
the embryo (photo by Hull; diagram by DeYoung).

I
I.

Diagram 03 
Figure 2-14. Normal Stage 11.5 Gastrulae.

As gastrulation proceeds, the size of the yolk plug
decreases. This represents the last stage of development
that can be used for FETAX. It is recommended that
medium to fine cell blastulae be selected for use but, as
sometimes happens, egg deposition takes place early and
older embryos must be used. Plate P shows the dorsal
view with extremely small cells dotting the surface while
Plate Q shows the lateral view with reduced blastopore
and yolk plug (arrow). Diagram R illustrates not only the
migration of the animal hemisphere cells but the reduction
of the size of the yolk plug (photo by Hull; diagram by
DeYoung).

Diagram R



Figure 2-15. Ventral View of Stage 10 Gastrula.

Note the cresent-shaped blastopore on the vegetal
hemisphere of the embryo. Compare to Figure 2-12
(photo by Hull). 0

Figure 2-16. Ventral View of Stage 11 Gastrula.

The blastopore is now oval. Compare to Figure
.j 2-13 (photo by Hull).

Figure 2-17. Ventral View of Stage 11.5 Gastrula.

The blastopore is more round and is reduced in size.
Compare to Figure 2-14 (photo by Hull).
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Figure 2-18. The NHrma d St g i 46 (96-hr) Larva.

the A efull length vw• Refer t Figure 2-19 for
structures (photo by Hun).
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N--nares, E=eye, OV=otic vesicle, S=somite,
O=operculum, H=heart, G=gut, HLB=hind limb bud,
A~anus (diagram by DeYoung).



Figure 2-20. Normal Stage 46 (96-hr) Larva.

It is important to expose the embryos in FETAX until
the controls reach Stage 46. The three larva shown
exhibit the gradual appearance of the hind limb bud. The
bottom tadpole is only Stage 45 (about 4 days) and,
therefore, does not exhibit the hind limb bud. The two
embryos above it are Stage 46 (middle) and Stage 47
(top), respectively. FETAX should be completed at Stage
46 (photo by Hull).

Figure 2-21. Normal Gut Coiling.

The tadpole on the left is Stage 45 and does not
display complete tight gut coiling. The Stage 46 embryo
on the right has developed a good tight complete coil
(photo by Hull).

1
I
I
I
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Figure 2-22. Dorsal View of the Normal Stage 46 (96-hr)
Larva.

The lens of the eye is not visible. Note the size of the
normal eye in relation to the rest of the body; O--optic stalk(photo by Hull).

Normal iz h eyeangu in relation to the rest ofthboyOotisal

I
I
I
I

I
I

. Figure 2-23. Ventral View of the Eye Region of a
Normal Stage 46 (96-hr) Larva.

~The lens of the eye is visible in this micrograph.

Note the size of the eye and gut in relation to the rest of

the body; L=lens, G=gills, C=properly coiled gut (photo by
*Hull).

I

I
I
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Chapter 3
Axial Malformations

Because most abnormal embryos possess multiple in FETAX, the data are none-the-less presented with the
malformations, it has been difficult to arrange the atlas hope that they provide better descriptions and aid
ph tographs by type of abnormality. Therefore, the atlas understanding of the abnormalities seen with the aid of the
has been arranged beginning with the most obvious (i.e. dissecting microscope.
easily detectable abnormalities) through increasingly more Unless otherwise noted, in photographs where more I
complex examples. In each case, all abnormalities will be than one embryo is shown, the embryos have been
noted and the user is urged to consult previous or later exposed to increasing concentrations of the same test
photographs for more details. As one proceeds through material. Usually the top embryo represents either a
the atlas, examples of specific malformations (terata) are control or an exposure at a low concentration. The
shown in greater detail. Scanning electron micrographs remaining embryos will usually be arranged in order of
and photographs of sectioned histological preparations are increasing concentration. Appendix II contains information
also presented throughout the atlas. Although these regarding test materials and the concentrations used.
techniques are not needed in order to detect abnormalities

Figure 3-1. Simple Minor Axial Abnormality.

A simple minor axial abnormality in which the tail is
slightly dorsally curved, gives the impression of a slight
arch (photo by Hull).

Figure 3-2. A More Complex Axial Abnormality.

Here is a more complex axial abnormality in which
the distal portion of the tail is flexed ventrally and a slight
dorsal flexure of the axis is present in the abdominal/
cervical region (photo by DeYoung).

I
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Figure 3-3. Lateral Flexure of the Tall.

This is a relatively mild lateral flexure of the tail.
Such abnormalities are usually related to malformations of
the notochord. This embryo also displays mild eye
(ophthalamic) and abdominal edema; E=eye edema,
A=abdominal edema (photo by DeYoung).

I
I

Figure 3-4. Severe Lateral Flexure of the Tall.

Tail abnormalities are frequently associated with the
notochord as is the case with these embryos. In all other
respects, the embryos appear normal (photo by Dumont).

I
I

I

I

Figure 3-5. A Case of Dorsal Tall Flexure.

Pronounced dorsal flexure of the tail just posterior to
the abdominal region is shown in this photograph.
Reduced head development (microcephaly) and reduced
coiling of the gut is also seen (photo by Dumont).

I0



Figure 3-6. Curved Tall Malformation.

Severe axial abnormalities of the tail may include
pronounced dorsal coiling of the tail as shown in these
embryos. They also display reduced head development
and significantly reduced coiling of the gut. Note that both
embryos share the same defect. Some toxicants cause
the same effects in all embryos (photo by Dumont).

Figure 3-7. Wavy Tail Malformation.

The embryo in the top of the photograph is a control
while the one shown at the bottom illustrates a wavy
condition of the tail with a slight dorsal flexure at the end.
The notochord is clearly seen in this photograph and,
along with somites, is abnormal. The abnormal embryo is
shorter than normal and displays an incompletely coiled
gut (photo by Dumont).

Figure 3-8. Severe Wavy Tall Malformation.

The embryo at the top is the control. The embryo in
the middle shows an undulating or wavy notochord, while
the embryo at the bottom has a stunted tail with few
waves, severe abdominal edema, and abnormal gut
coiling. There is also a progressive reduction in head size
(photo by Hull).

18
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Figure 3-9. Cross-Section of a Stage 46 (96-hr)•le• ,, Embryo.

This scanning electron micrograph of a transected
embryo tail shows a herniated region of the notochord
(arrow). Herniations and curved, or wavy notochords are
frequently seen in embryos that have been exposed to
laythrogens (photo by Dumont).

I
I
I
I

Figure 3-10. Axial Shortening.
l. General shortening of the embryonic axis is

frequently seen and may or may not be associated with
, .other abnormalities. Histological studies have revealed

that there is usually either a reduction in number or size of
the somites. In this case, the embryo on the bottom is a
control. The embryo in the top of the photo shows

significant shortening (reduced growth). In such cases the
* tail fin frequently appears broad and may originate from a

more anterior position (in this illustration near the middle
" of the dorsal abdominal region). The embryo also shows

I mild cardiac edema (arrow) and mild retardation of: Jt
coiling (photo by Dumont).

I
I
I
I0
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Chapter 4
Blistering and Edema 0

Edema is a frequent occurrence and may be epidermal blisters may appear and these are also
general (somatic) or regional, e.g., eye (optic), abdominal, classified as edema. Their locations on the embryo
cranial, or mallar. Edema is easily identified and appears varies. Mild edema is most easily identified in living
as transparent, swollen, fluid-filled areas. Occasionally, embryos.

Figure 4-1. Embryos with Moderate Blistering.

Malformed embryos that display various degrees of
blistering in the absence of severe edema are shown in
this photo. Blisters (arrows) are most frequently observed

h" along the dorsal midline (fin) area or ventrally near the
anus. These embryos are also much shorter than normal,
have malformed guts, and display reduced eye
(microophthalmia) and head development (microcephalia)
(photo by Dumont).

Figure 4-2. Optic Edema and Blistering.

This scanning electron micrograph of an embryo
displays dorsal and ventral blisters. Severe optic edema
(arrow), malformation of the head/face and reduced length
are also apparent (photo by Dumont).

Figure 4-3. Cardiac Edema.

These embryos exhibit edema in the cardiac region
(arrows) (control at top). Such edemas are frequently
accompanied by malformations of the heart. The embryo
at the bottom also displays malformations of the eyes,
head, face, and gut (photo by Dumont).

20
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Figure 4-4. Abdominal and Cardiac Edema.

This series of embryos display increasingly severe
abdominal edema (arrows) after exposure to increasing..... concentrations of test material (control at top). Failure toachieve normal gut development often accompanies such

edema, In this case there is an almost total failure of the
gut to undergo normal torsion (coiling) (photo by Dumont).

A -" Figure 4-5. Mild Optic Edema.
le ,'4'.,. This embryo has mild edema in the optic and

abdominal areas; O=optic and A=abdominal (photo by
Hull).I

Figure 4-6. Severe Optic Edema.

An embryo has severe optic edema (arrows).
Edematous areas are usually devoid of pigment. Optic
edema is usually accompanied by malformations of the
eye. In this case the eyes are reduced in size
(microophthalmia) (photo by Hull).
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Figure 4-7. A Histological Section Through the Head
Region of a Severely Edematous Embryo.

The mesenchymal tissue is dispersed and large
"void" spaces are seen (arrow). In this case, the eyes are

'I'  also abnormal, as the lenses appear to be developing
outside the optic cup (photo by Dumont).

void

I
Figure 4-8. An Anterior View of a Severely Edematous

* Embryo.I
This embryo has severe optic, facial and abdominal

edema; O=optic, F=face, and A=abdominal (photo by
Hull).

/ @1
UI

Figure 4-9. Severe Generalized Edema.

Severe abnormalities affecting all major organ
systems, e.g., head, face, eye, brain, and gut are
accompanied by extensive edema (photo by Dumont).
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Chapter 5

I. Eye Abnormalities
Abnormalities of the eye include reduced area outside the developing optic cup, and failure of the

development (microophthalmia), failure of the choroid optic cup to separate from the bain (diencephalon).
fissure to close [closure is normally nearly complete at Some of the more subtle anomalies may be difficult to
Stage 35/36 (2 days)], reduced or inappropriate detect. When detected in a sirgle specimen, all embryos
pigmentation, dislocation of the lens, sometimes to an should be carefully examined.

I
I Figure 5-1. Side View of the Eye Region of a Normal

Stage 46 (96-hr) Embryo.

The eye is rather large, concentric and darkly
pigmented. A pale, translucent lens is situated in the
center, or slightly below the center, of the eye. The
choroid fissure appears as a slit on the ventral aspect*(arrow). It should be barely visible as an indentation in the
ventral surface (photo by Hull).

Figure 5-2. Histological Cross Section of a Normal
.. 44 "..Stage 46 (96-hr) Embryo.

.M This is a cross section through the eye region at the
same stage of development as in Figure 5-1; HE=head
ectoderm (cornea), L=lens, I=iris, NR=neural retina,
PR=pigmented retina, O=optic stalk (photo by Dumont).

I
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Figure 5-3. Reduction In Eye Size.

Both eyes are smaller than normal in this mildly
edematous embryo and the lens of the smaller eye
appears to be extruding from the pigmented eye cup

(arrow) (photo by Hull). 3
I

I
I

Figure 5-4. Reduction In the Size of a Single Eye.

It is important to carefully examine both eyes.
Sometimes one is normal while the other may be
abnormal as in this example where the left eye is greatly
reduced in size. In all other re,pects, the embryo appears

~ .. normal (photo by Hull).

I
I

Figure 5-5. Failure of the Chorold Fissure to Close.

Other eye abnormalities include incomplete closure
(fusion) of the choroid fissure. This feature may range in
severity from a slight enlargement of the gap to a very
pronounced slit. In this embryo shown, closure of the
fissure appears only partially incomplete (arrow) while the
size of the eye and lens appear normal (photo by Hull).
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Figure 5-6. Moderate Failure of the Chorold Fissure to
Close.

. '•Incomplete fusion of the choroid fissure is clearly
seen in this embryo's eye (arrow). The eye is alsoIreduced in size (photo by Hull).

Figure 5-7. Severe Failure of the Chorold Fissure to
Close.

A complete failure of the choroid fissure to close
(arrow) is evident in this embryo. The embryo also
exhibits rather severe optic edema as well as facial
abnormalities (photo by Hull).I" L

IFigure 5-8. Optic Cup Rupture.

Ruptures of the optic cup sometimes occur in which
it appears that the lenses are extruded (arrow). In otherI respects the eye appears normal. The embryo shownI F "T displays edema and facial malformations such as ocular
edema and foreshortened facial features (photo by Hull).

I
Figure 5-9. Severe Optic Cup Rupture.

The eye of this embryo appears normal except for
the accumulation of a mass of pigment on its dorsal
surface (photo by Hull).

%
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Figure 5-10. Progressive Depigmentation of the Eye.

Some developmental toxicants cause progressive
loss of pigment. The control in this series (top) shows
normal pigmentation while increasing concentrations (top
to bottom) cause increasingly greater depigmentation
(photo by Dumont).I

,I
'I
,I
I

! * Figure 5-11. Eyes Lacking Pigment. U
Other eye malformations are frequently associated

with depigmentation, as this embryo depicts (photo by

Hull).

Figure 5-12. Irregular Pigmentation of the Eye. o
Pigmentation of the eye and the surrounding area is

frequently aberrant. This is typified by irregular eye shape
or eccentric accumulations of pigment as is show;n in this
severely deformed embryo (photo by Hull).
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Figure 5-13. Irregular Distribution of Pigment Around
the Eye.

Failure of the optic cup to expand and develop will
V cause a variable "capping" of the eye with pigment. This

A may be an extreme case of the failure of the choroid
fissure to close. This figure shows an external view of the
same type of eye malformation that Figure 5-14 shows in

S., cross section (photo by Hull).

I
I
I

I ;. Figure 5-14. Cross Section Through the Optic Cup
Region of the Eye.

This is a histological cross section through the opticI ~ region illustrating abnormal development of the eye. The
optic structures are still in direct communication with the

I* ventricles of the brain. The lens, while normal in
appearance, has not developed in a normal relationship
with other optic tissues. Compare with Figure 5-2; L=lens,
PR=incomplete pigmented retina (photo by Dumont).I

!

I

Figure 5-15. Complete Failure of Eye Development and
Retinal Pigmentation.

In this embryo, the pigmentation surrounding the
developing eye (arrow) is so sparse that it is difficult to
locate those portions of the eye that did develop (photo by

7Hull).



I
Figure 5 .,3. An Eye With Two Lenses.

Sometimes two lenses may develop in the same eye
(photo by Hull).

I

Figure 5-17. Oval Shaped Eyes.

Because of aberrant eye development and
pigmentation, the shape and location of the eyes in this
embryo is abnormal. Abnormal shape is also frequently
associated with edema. The eyes in the edematous optic
region of the embryo in this photograph are ovoid - a
shape made more obvious by the placement of pigment
(photo by Hull).

3I
e0I

Figure 5-18. Severely Malformed Eyes. i
As shown in this anterior view of a severely

abnormal embryo, pigmentation and lateral movement
(positioning) of the optic cup has not occurred normally.
The development of the brain, head, and face are

abnormal and the embryo suffers severe abdominal and
cardia- edema (photo by Hull).
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Figure 5-19. Displacement of the Eye to a Posterior
Location.

. .,This embryo has two anatomically normal eyes.
However, one is displaced into the abdominal region
(photo by Hull).I
Figure 5-20. Narrowing of the Eyes.

Although the eyes of this small embryo appear
normal in size, they are located close to the brain and the
optic tract is covered with pigment. The next two figures
show a progressive narrowing of the eyes towards the
midline of the body and cyclopia (photo by Hull).

I
Figure 5-21. Severe Narrowing of the Eyes.

The eyes of this abnormal embryo remain closely
associated with the walls of the brain (diencephalon) and
pigment covers not only the developing eyes but also the
roof of the brain. This condition is not truly cycloptic
(photo by Hull).

Figure 5-22. A Cyclops.

A cycloptic embryo with one anatomically correct
eye located in the anterior midline (photo by Hull),

r7
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Chapter 6
Extreme Head Abnormalities o1

Brain abnormalities are frequently associated with brain may be rudimentary or completely lacking. In rare
other gross malformations. The brain normally develops cases where the toxicant works at 6arly cleavage, a
as an expanded tube that forms vesicles through second embryonic axis may form, leading to a two-headed
constrictions. These vesicles may increase or decrease in embryo. In cases where the malformation is less severe,
size in response to a toxicant. As the insult increases, the "capping" of the head with pigmented cells is apparent. I

I
Figure 6-1. Reduced Forebrain with "Capping" of
Pigment Cells.

Although this embryo shows numerous
abnormalities (length, gut, face and head), especially
noticeable is the abnormal forebrain. Note that it is
abnormally arched over the eyes and deflected downward
into the brow area; B=brain (photo by Dumont).

Figure 6-2. Reduced Brain Size Accompanied by a
Failure to Form Brain Vesicles.

This is an extremely abnormal embryo with a highly
arched brow. The cranium contains a small abnormal
brain. This embryo also shows severe head and facial, tail
and tail fin, eye, and gut abnormalities. In addition, the
embryo is unusually short; B=brain (photo by Hull).

Figure 6-3. Complete Failure of the Brain to Develop.U
The neural tube of this embryo has failed to fuse

during neurulation. Consequently, this embryo has no
brain or eyes but was still alive at the conclusion of the
test. All other organs are malformed as well; B=brain
(photo by Dumont).

3I
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Figure 6-4. An Expanded Brain Vesicle.

This embryo has an expanded brain vesicle that hasI B caused the head to form a peak. Anterior structures are
lacking or malformed. The choroid fissure has failed to
fuse and the mouth is severely deformed; B=brain (photo
by Hull).

IM

I
I

Fiue6-5. Ventral View of a Two-Headed Two-Tailed Figure 6-6. Dorsal View of a Two-Headed Two-Tailed

Embro Embryo

meThis is a rare malformation that occurs when a All organ systems are abnorma.l; H=head, T=tail

severe toxic insult occurs very early in development. (photo by Hull).
Two heads and two tails are clearly evident in this embryo
that has established a second longitudinal axis; H--head,
T=tail (photo by Hull).
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Chapter 7

Head and Facial Malformations
Abnormalities of the head and face may be less difficult for the novice to discern. Until proficiency is

obvious than other types of malformations and require gained, the beginning technician should use stained
somewhat more careful examination. Facial abnormalities specimens (Appendix Ill). The tail of the embryo can be
generally, though not always, appear in conjunction with inserted into insect screening to hold the face toward the
edema of the eyes, head, or face. Examples of specific dissection microscope. Often, malformations of the head I
head and facial abnormalities are included in the following and brain are accompanied by other severe embryo

section. Malformations in unstained embryos may be terata.

Figure 7-1. Scanning Electron Mlcrograph of the Face

of a Normal Stage 46 (96-hr) Embryo.

This scanning electron micrograph showing the
facial region of a normal embryo is presented to assist in
understanding some of the less obvious features of
malformation of the head and face. The metal shadowed
eyes appear as lateral bulges. Note the large mouth, with
the developing tentacles in the corners, optic bulge, nares
surrounded by clumps of ciliated cells, and the oral
sucker; M=mouth, O=optic bulge, N=nares, and S=oral
sucker (photo by Dumont). g

Figure 7-2. Scanning Electron Micrograph of the Face
of an Abnormal Embryo.

This scanning electron micrograph shows the head
of an embryo with abnormal facial development. The I
developing nares appear normal. However, optic edema
is indicated by the large optic bulge, the mouth is smaller
than normal and the tentacles have not appeared. The
"chin" area is extremely narrow suggesting abnormal jaw I
(cartilage) and oral sucker development. The "brow"
region is abnormally high suggesting abnormalities of the
brain; B=brow, M=mouth, O=optic bulge, N=nares, and
S=oral sucker (photo by Dumont).

II
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Figure 7-3. Light Micrograph of the Face of a Normal
Stage 46 (96-hr) Embryo that has been Lightly
Stained.

i. Compare Figure 7-1 with the structures seen here
(photo by Hull).

I
I
I
I
I
i
I.

Figure 7-4. Light Micrograph of the Face of an
Abnormal Embryo.

Compare the shape and location of facial structures
seen here with Figures 7-1 and 7-3 The staining clearly
shows radical differences in the placement of the mouth
and nares in relation to the eyes. These differences are
not readily apparent in Unstained embryos; M=mouth,
O=optic bulge, N=nares, and S=the oral sucker (photo by
Hull).

I
I.
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Figure 7-5. A Round Headed Embryo with Facial
Defects.

An abnormally small rounded head and malformed
facial region is displayed by this embryo. In many cases
where the head is small (microcephaly), the oral sucker(arrow) appears prominent, suggesting that in such cases

the development of this organ is unaffected. The eyes,
although somewhat smaller than normal, appear
proportional to the size of the head. In addition, the
embryo itself is abnormally short. Gut development is
characterized by a lack of appropriate coiling (photo by
Dumont).

iI

I,
Figure 7-6. Abnormal Embryo with Prominent
Forehead and Extended Mouth.

Abnormal head and facial development is depicted
by the flattened face and rounded brow. The eye appears

. ' , ~ normal. There is slight cardiac edema around the heart
and inadequate gut coiling, considering that this embryo is
96 hours old. The oral sucker appears prominent;
H=heart and S=oral sucker (photo by Rayburn).mI

Figure 7-7. An Embryo with a Sloping Forehead and
Distended Mouth.

Despite the apparently normal gut and eye, the head
and face region of this embryo is significantly malformed.
The face is extremely flattened and the forebrain is
deflected downward along the front of the brow;, B=brain
(photo by Rayburn).

I
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I Figure 7-8. An Embryo with a Severely Malformed
Head and Face.

This embryo has severe malformations in the gut
and tail as well as abnormal pigmentation. Despite the
small size of the head, quantitative histological data
(Dumont, unpublished) indicate the brain ventriclesI (vesicles) are actually enlarged (hydrocephaly) (photo by
Hull).

I

Figure 7-9. Facial View of an Embryo with a Severely
Reduced Head and Face.

Note that the brain ventricles (vesicles) in this
embryo are poorly developed and the head is reduced to a
mound of tissue. The two eyes with lenses are fused.
The mouth is greatly reduced in size and the oral sucker
appears as an oval, M=mouth, H=head and S=oral sucker
(photo by Hull).

i S4
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Chapter 8

Heart Malformations
The detection of cardiac malformations in Stage 46 formed by expansion. These vesicles become the auricles

(96-hr) embryos is difficult for the novice. After formalin and the ventricle. Developmental toxicants may slow or
fixation, the heart, which is visible through the transparent alter this process leaving only a short, muscular tube to
skin, becomes opaque and its development is difficult to sustain life by peristaltic action. A beating heart is an
assess. It is best to learn to detect malformations in unambiguous sign of life even though the heart may not I
anesthetized or stained animals before identifying them in be properly formed. When the heart is slowly beating
formalin-fixed embryos. Appendix III gives information on following anesthesia, it is easy to observe abnormalities as
procedures for anesthetizing and staining Stage 46 the heart pumps blood (see Figures 8-1 and 8-2). As
embryos. proficiency is gained, abnormal embryos can be stained I

It should be remembered that the heart begins and observed for defects. After the investigator is
development as a pair of tubes that come together to form competent with stained embryos, malformed hearts may
a single, independently beating tube that works by be detected more readily in formalin-fixed embryos.
peristaltic action. It develops a loop and then vesicles are

J.,--,.,K .:

Figure 8-1. Diagram of a Normal Stage 46 (96-hr) Figure 8-2. MS-222 Anesthetized Normal Stage 46 (96-
Embryo with Normal Heart and Gut (Ventral View). hr) Embryo (Ventral View).

The shape of the vesicles vary as the heart beats as Note the red blood in the large ventricle of this live
seen in Figure 8-2. Fixation moves the vesicles into specimen. The blood can be followed as it goes from one
slightly different positions. Note the aortic arches that lead chamber to another (photo by Work).
away from the heart; AA=aortic arches, BC=bulbous
cordis, V=ventricle of the heart; the atria are immediately
above the ventricle (diagram by DeYoung).
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Figure 8-3. Stained Normal Stage 46 (96-hr) Embryo
(Ventral View).

The staining procedure used makes it much easier
to observe the heart and aortic arches. Compare this
figure with Figures 8-2 and 8-4 (photo by Hull).

39 Figure 8-4. Formalin Fixed Normal Stage 46 (96-hr)
Embryo (Ventral View).

The 3% v/v formalin fixation renders the heart as a
translucent mass of tissue above the coiled gut. Abnormal
embryos are usually examined in formalin so face and
heart malformations may be harder to observe. The
anesthesia and staining protocols are time consuming and
should only be used in training (photo by Hull).

II
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Figure 8-5. Increasing Concentrations of a
Developmental Toxicant Result in Increasingly Severe
Heart Malformations.

The heart of the control embryo (top) seen in this
lateral view is rPorma!. The heart of the embryo that is

third from the top shows an abnormal expansion of the
ventricle (arrow) just in front of the gut. The bottom
embryo shows the heart as a large amorphous mass in an
edematous pericardial cavity. These embryos are all
formalin-fixed (photo by Hull).

Figure 8-6. Severe Failure of the Heart Tube to Coil
Properly.

The Stage 46 embryo at the top is a control and
shows a properly coiled heart in lateral view. The embryo
at the bottom shows a displaced heart with abnormal
vesicles in front of the gut (arrow) (photo by Hull).
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Figure 8-7. A Poorly Coiled Heart and Pericardial Edema.

The top embryo (control) shows a properly coiled heart from a right lateral view. The abnormal embryo below has a
straight tube (arrow) in some places (near gut) and an anterior bulging vesicle. The severe pericardial edema has pushed
the heart into the dorsal portion of the body cavity; H=heart and V=vesicle (photo by Hull).I

I

ILI

I. Figure 8-8. Displaced Heart with Abnormal Vesicle Formation.

This is a severely deformed Stage 46 (96-hr) embryo with pericardial edema. The vesicles have formed as several
prominent bulges that are out of position. The pencardial area has swollen away from the heart; H=heart, G=gut, E=eye
and V=vesicle (photo by Hull). 39



Figure 8-9. A Heart Composed of a Single Vesicle and a Stralght Tube.

A very severe malformation (arrow) is easily detected in this formalin-fixed Stage 46 (96-hr) embryo. The edema
made detection easy (photo by Hull).

Figure 8-10. A Heart Composed of a Single Straight Tube.

A heart composed of a single beating tube (arrow) (photo by Hull).
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Chapter 9

Gut Abnormalities
Abnormal development of the gastrointestinal tract solution. If the gut finally coils properly then it is not an

(gut) is characterized primarily by the lack of coiling, abnormal embryo but a case of developmental delay.
Coiling begins at Stage 39 (56-hr) and by Stage 4b (96-hr) Developmental delay is an important measurement which
the gut has normally undergone two to two and one half can be recorded separately. Although the gut shows
coiling revolutions (Nieukoop and Faber, 1975). Failure of extremely well in formalin-fixed embryos, the detection of
the gut to coil by Stage 46 may be due to either abnormal abnormal gut coiling is made more difficult by cases of
development or developmental delay. If the malformations developmental delay. Edema in the abdomen is
appear slight, it might be desirable to let some of the suggestive of abnormal development.
embryos continue to develop past 96 hours in clean FETAX

Figure 9-1. Various Stages In Normal Gut Development.

Control embryos were fixed in formalin after various times of normal development. After fixation they were arranged
to show the normal coiling of the gut. From left to right the hours of development are. 76 hr, 80 hr, 92 hr, 96 hr, 100 hr. All
these embryos were incubated at 23.5 0C (photo by Hull).

I
Figure 9-2. Various Degrees of Incomplete Gut Coiling
Caused by Toxicant Action.

Compare with Figure 9-1 to see how closely these
abnormal guts may resemble earlier stages of gut

- .. development (photo by Hull).
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Figure 9-3. Relationship of Gut Coiling to Toxicant
Concentration.

Here extreme gut malformation is shown in
moderate concentrations of teratogen (control at top).
The second embryo, while possessing some subtle facial

"' "."and head malformations, has a normal appearing gut. I
The third embryo, however, has a looser coiled gut while

the embryo at the bottom of the photograph has severe
abnormalities, including a malformed gut. In extreme
cases, the gut may be a simple straight tube that never
coils properly. Note the blisters along dorsal midline
above the abdomen, severe edema, short length, and
malformed head and eyes in the bottom embryo (photo by
Rayburn).

Concentration.

In cases where edema is not a part of the
syndrome, the developing gut remains more-or-less
compact. Its lack of coiling is easily detected. Note theI

~... abnormal heads and short length. The highest
concentration is on the left and decreases toward the
right. The control is the last embryo on the right (photo by
Hull).
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Figure 9-5. Relationship of Gut Coiling to Toxicant
Concentration.

Shown is a series of embryos (control at top)
exposed to increasing concentrations of a teratogen.
Progressive malformation (lack of coiling) of the gut can
be seen as the concentration increases. In the second
and third embryo, the gut is coiled but not to the extent
normally expected by Stage 46. In the fourth embryo,
coiling has not occurred and the gut appears sigmoid
while in the bottom embryo, the gut is essentially an
enlarged straight tube. In severe cases, the yolk will leak
into the gut and anus. Other progressively severe
abnormalities include those of the head and face, brain,
face, and tail (photo by Dumont).

I ,

I

Figure 9-6. Complete Lack of Coiling of the Gut.

When edema is present, malformations of the gut
are easier to detect. In this case, the gut has coiled into a
single loop instead of coiling normally. Note severe
edema in the abdominal, cardiac, and optic regions. The
eye is reduced in size and is poorly pigmented (photo by
Dumont).

I
I
I
I
I
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FETAX Data Sheets
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FETAX SUMMARY SHEET r Test No. 4

Test Material 1 & - Rehhwicj Raid Investigator D9Yon
Source Lab _ _ __ _ _

CAS No. 47q6q- /6 Lot No. -P014/ Test Star'Oo

Composition/Purity i~q Teat End Date - q
Solvent ,'3fle, Coac. 04c Test Units (i.e., q/l) Nlm

PH DAY I DAY 2 DAY 3 DAY 4 DAY 5

Stock '72. 1. 7. Z ___

Control '1.,1 '1. 0 7' r/.__

Highest Conc. 7,3 7'0 _ I
FETAX CONTROL MORTALITY MALFORMATION
No. Dead or Malformed RECORD RECORD

X 100 z %
Total Number i1- .. -X b0--a A% I t .4..: ...Lx. X O%

Solvent Control ) an e X00- - % . X100="%

Control Length 09q mm Solvent Control Length mm

Minimum Concentration to Inhibit Growth (MCIG) .j O

TEST MATERIAL/COMPOUND : RESULTS

TEST MORTALITY I MALFORMATION I STATISTICAL TEST USED 3

NOEL [ 10 1 lE'Od ~~s

LOEL 0 a- E3o
LC50  5., EC50 3,
95% Confidence limits (34,. "3' .4) 95% Confidence Limits (S,! - L4,) )

TEST TERATOGENIC INDEX (TI LC 50 /EC 5 0

POSITIVE CONTROL: 6 AMINONICOTINAMIDE (6-AN) RESULTS

CONCENTRATION U MORTALITY MALFORMATION

II
5.5 rag/ L Z_ : X100 ..% _..: x 100 = is.-%I I
2500 mRI/L .' x 100

g
11,0 [ " x 100 - 1



FETAX SUMMARY SHEETr TsNO

I. Test Material Ivsiao

SourceLo

CAS No. Lot No. Tests tart cat@

Composition/Purity Test End Date

Solvent Conc. Tess Units (i.e., me/mi)

p=DAY I DAY 2 DAY 3 DAY 4 DAY 5

ock

* ~~Control ___ __

Highest Conc.

FETAX CONTROL - MORTALITY MALFORMATION
go. Dead or Hatformed RECORD RECORD

X 100 %
TotaL After 0-x10

Solvent Control m% 100 x1(0=

I. Control Length mmr Solvent Control Length mm

LMinimum Concentration to Inhibit Growth (MCIG)

I TEST MATERIAL/COMPOUND : RESULTS
3TEST MIORTALITY MALFORMATION STATISTICAL TEST USED

NOEL

I LOEL

IPOSITIVE CONTROL: 6 AMINONICOTINAMIDE (6-AN) RESULTS
CONCENTRATION MORTALITY MALFORMATION35.5 mg/ Li .. x100 _%- 100 --
2500 mg/L -: xloo% * -X100u
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FETAX MALFORMATION DATA

Test Material d3-&Re~a d D Iviator 2 I). e90 U
Test No. 4 Dito 2-1-0

i-

CONCENTRATION No. MALFORMED TOTAL % TOTAL % TYPE

Controls 0 _ __

Test units:ft/L' 0 4 . l 0: 1 $ZSIP+ _

0.9 4 ' t. :4 L4 wu____, _

._ _ _ (0 10.A I_ MIMI

7 8 ~~& 30 ____

0 a~ '4 .100 cwn

i ~ o Q 5 a ' Lo' i, too __,_,

So 4 iooA 1o 0 oo

470 10:0 _$ 100 Jg_

160 0C~ 100

_ _I_ !_

o5" 4 0,'&pJ

I I

ep 0 0'

J_

_ _ _ _ _:_ _

I I

I I
+ I

II I

I I
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i FETAX MALFORMATION DATA

Tt Material I nlvestiglator

e t N o , D tte

CONCENTRATION No. MALFORMED TOTAL % TOTAL % TYPE
i 

I

C o n t r o l s 

___

I I

Test units : o

I 
I

I __ _ _ I __ __ _

I I

I I
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I I
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FETAX RAW DATA SUMMARY SHEET (96 Hr.)

Ts Material p " ,, jj CAS No. 41q .." q "

TestNo. 4 Vendor/Lot No. 6S"F0o__

CONCENTRATION % MORTALITY % MALFORMATION

1-0.

120 0 _ _ _ _ _ _ _

3.0 z .30
5.0 0 __. _ 70

lo_ _ __ _ _ __ _ _ _ 100

2o __100
___ __ __ __ 1 .i.oo

__ __ __ _ _qL,Li SO _too

I-t O iO l I

Ill

40 71P lol0

.100

__ __ _ __ _ _.....__ __ _ __ _ __ __ _ __ _ __



I FETAX RAW DATA SUMMARY SHEET (96 Hr.)

CONCENTRATION % MORTALITY % MALFORMATION
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FETAX with METABOLIC ACTIVATION (MA)
Summary Sheet

Test Material im'CrI Invetigator

Source Lo __ _ __ _ __ _ _

CASNo. j~i4?-- Lot No. 47"te 54 Test Start Date 3/ 19o

Composition/Purity ,Tq &/" Test End Oate * /(, /q

Solvent DA450 Cone. 11/0 V/V ITt Units (i..., mg/ml) l Ir

DAY I DAY2 DAY3 DAY 4 DAY5
pH-

Stock 7-.0 IL. .0

Control _ _. _ ..

Highest Cone. I., _ _ _. _ _ _

__ FETAX CONTROL MORTALITY" MALFORMATION

No. Dead or Malformed X 1 RECORD RECORD

Total Numer O![ . X100f z % 0 X 100=. %

Solvent Control 40 x 4 oo . 0_ _ 4 x 1oo _%

Metabolic Activation Control - : 4L X 100= % - 4 x ioo - .6%

Metabolic Ac ation System
di Solveno Control 0 : x40 Xo k% x lo=0 x 1o =6 %

Cyclophosphamide Control
(4.0 mg/ml) x 100= A.0% - X 100"

CO-Metabolic Activation

System lp Test Material 0 .L O1 X 100 = 0 X 100 AP-%

MA + Solvent Control Length ', qq mm i
Minimum Concentration to Inhibit Growth (MCIG) Q. 0.

TEST MATERIAL RESULTS

TEST MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL rvt dore., no+ done),

LOEL rnotCj n6Y noiT- done

95% Confidence limits , - J.iL4) 95% Confidence Limits (0. - O.-5S)

TEST TERATOGENIC INDEX (TI:= LC 50 /ECo )5,0 -
, , , . .*,



FETAX with METABOLIC ACTIVATION (MA)ISummary Sheet W
ITest No.

Test Material I i~sttggt

SourceLa

ICAS No. Lot No. tast Start Cate

Composition/Parity TUs IM Date

ISolvent Conc. Tat Unt (i.e., #Wat)

-A I DAY 2 DAY 3 DAY 4 DAYS5

Stock

I Control

Highest Conc.

FETAX CONTROL MORTALIY p MALFORMATION
00. Dead or 111focrnd X00RECORD jRECORD

F:: Totat Nufter : x0= % - - io

Solvent Control -. 100..._...100iOa

Metabolic Activation Control-X10 I
Metabolic Activation System I
2&1 Solvent Control 100. OO= % .: 1

Cyciophosphamide Control
(4.0 mg/mI) 1- -x100=- -:-.x100=

CO-Metabolic Activation
System LUi. Test Naterial l : Xo a _ _ i n -

*MA + Solvent Control Length TMm

I Minimum Concentration to Inhibit Growth (.NCIG)

TEST MATERIAL RESULTS

FTEST MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL

9% Confidence limits 95% Confidence Limits

ITEST TERATOGENIC INDEX (TI -LC 50 /EC50 ) 11
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Table I. Test Material and Exposure r)ata.*

Chapter 3 - Axial Malformations
Eg # Tes1 Mvterial Cncnration Description of Malformations
1 acetazolamide 0.001 mg/ml simple dorsal curve
2 acetazolamide w/penicillin

& streptomycin 0.12 mg/ml moderate ventral flexure
3 acetazolamide w/penicillin

& streptomycin 0.12 mg/ml lateral flexure
4 semicarbazide 200 mg/I severe lateral flexures
5 (CRM-2)(aqueous extract 7.5 % dorsal tail flexure

of crude shale oil)
6 shale crude 10% crude oil curved tails
7 captan C**, 1.3 mg/I wavey tail
8 acetic acid hydrazide C, 0.06,12 mg/ml severe wavey tail
9 thiosemicarbazide 100 mg/I scanning electron micrograph of a tail section
10 salicylic acid 1 mg/ml, C axial shortening

Chapter 4 - Edema
EJg# Test Material Concentration Description of Malformations
1 lithium carbonate 40 mg/I moderate blistering
2 CRM-4 (electrostatic 0.5% scanning electron micrograph w/blistering

precipitator tar)
3 meclizine C, 5, 25 mg/I cardiac edema
4 aminopyrene C, 100, 300, 700 mg/i abdominal edema
5 none control mild optic edema
6 trichloroethylene 0.001% v/v severe optic edema
7 shale oil crude extract 10% histological section of head
8 none control anterior view w/edema
9 methyl arsenate 25 mg/I severe generalized edema

Chapter 5 - Eye
Eig Test Material Concntraton Description of Malformations
1 none control normal Stage 46 (96-hr) eye
2 none control histological section of Stage 46 (96-hr) eye
3 acetazolamide w/penicillin

& streptomycin 0.15 mg/ml reduced eyes w/edema
4 none control small eye w/normal eye
5 acetazolamide 0.01 mg/ml choroid fissure failure
6 none control moderate failure of choroid
7 none control severe failure of choroid
8 acetazolamide w/penicillin

& streptomycir. 0.15 mg/ml optic cup rupture
9 6-aminonicotinamide 0.004 mg/ml severe optic cup rupture
10 ethylene thiourea range unknown progressive de-pigmentation
11 unknown groundwater 25% concentration eyes lacking pigmentation

sample
12 none control irregular pigmentation
13 none control irregular pigment distribution
14 methanol 3.2% cross section with incompletely pigmented retina
15 retinoic acid 0.3 pg/ml failure of pigment to deposit
16 13-cis retinoic acid 0.04 pg/ml two lenses
17 hydroxyurea with jelly coat 0.9 mg/ml oval-shaped eyes
18 aspartame 8.0 mg/ml severely malformed eyes
19 acetazolamide 0.5 mg/ml eye displaced caudad
20 none control narrowing of the eyes
21 acetazolamide w/penicillin

& streptomycin 0.07 mg/ml severe narrowing of the eyes
22 13-cis retinoic acid 0.3 ng/ml a true cyclops
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Chapter 6- Brain
Eig Test Material C Description of Malformations
1 trypan blue 200 mg/I reduced forebrain
2 none control reduced brain size
3 trans-retinoic acid 0.05 mg/I failure of the brain to develop
4 acetazolamide w/penicillin

& streptomycin 0.07 mg/ml expanded brain vessicle
5 acetazolamide 0.001 mg/ml two-headed two-tailed embryo
6 acetazolamide 0.001 mg/ml two-headed two-tailed embryoI
Chapter 7 - Face
Eig# T Matial Cgflflon Description of Malformations
1 none control scanning electron micrograph of Stage 46 (96-hr)

tadpole
2 ethanol 2.5% scanning electron nicrograph of stunted face
3 none control face of Stage 46 (96-hr) tadpole
4 nickel 30 mM abnormal nose, mouth and sucker
5 pseudoephedrine 0.03 mg/ml round headed tadpole
6 methotrexate 0.05 mg/ml tadpole w/prominent forehead
7 trans-retinoic acid 0.2 pg/ml tadpole w/sloping forehead
8 methotrexate 100 mg/ml severely microcephalic
9 acetazolamide w/penicillin

& streptomycin 0.07 mg/ml face w/reduced head

Chapter 8 - Hea.-t
Eig# Tes .Mrial Cncnllon Description
1 none control drawing
2 none control live heart
3 none control stained heartI 4 acetone 0.9% v/v formalin-fixed heart
5 coumarin C,0.07,0.14,0.2 mg/ml increasing heart malformations
6 isoniazid C, 5.0 mg/ml failure of heart to coil
7 isoniazid C,7.5 mg/ml poorly coiled heart
8 none control displaced heart9 isoniazid 2.0 mg/ml heart w/single vesicle
10 isoniazid 7.5 mg/ml straight-tube heart

Chapter 9 - Gut
EJU# TetMtra Concentration Description
1 none control hourly control's 72, 80, 92, 96, and 100 hours
2 coumarin C, 0.1 6, 0.28 mg/mll degrees of incomplete gut coiling
3 trans-retinoic acid C, 0.02, 0.2, 0 5 pg/ml gut coiling vs. a toxicant concentration
4 a-solanine C, 12,14, 16 mg/I gut coiling vs. a toxicant concentration
5 methotrexate C,50,100,200,300, gut coiling vs. a toxicant concentration

400 mg/ml
6 dimethylbenzopyrine 1.0 mg/I complete lack of gut coiling

Back Cover
Test Material Concentration Description

1 x-solanine 7 mg/I embryo twinning

. *This table shows the test materia1l nd the concentration that caused the malformation depicted in the Figure.

**C=control
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Miscellaneous Information
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The Use of a Metabolic Activation System in FETAX
Introduction Reagents Needed for Rat Liver

A metabolic activation system (MAS) is only Microsome Preparation
required when FETAX is used to identify possible human
health hazards. The MAS is composed of induced rat liver Suffers
microsomes and an NADPH generator system which
simulates mammalian metabolism. Early Xenopus 1. 0.05 M Tris-HCI (Sigma Catalog # T 4128):
embryos do not produce significant amounts of cyto- Add 1.97 g of Tris-HCI to 250 ml of ASTM Type I
chrome P-450 so the exogenous system is necessary. water (ASTM standard Dl 193, Specification for
Previous experimentation has shown that S-9 preparations Reagent Grade Water, Annual Book of ASTM Stan-
do not contain enough cytochrome P-450 activity to be dards Vol. 11.01). Adjust pH to 7.5. Store at 4 °C.
useful in FETAX. Aroclor 1254-induced microsomes do
contain adequate activity for use as long as the protein 2. 1.12% w/v KCI In 0.05 M TrIs-HCI: Add 3.94 g of
content is not too high. Aroclor 1254 is used as a broad Tris-HCI and 5.6 g of KCI to 500 ml of Type I water.
spectrum inducer and should be used in the majority of Adjust pH to 7.5. Store at 4 0C.

situations. Uninduced microsomes are used in those
cases where Aroclor induction may repress some of the 3. 1.15% w/v KCI In 0.02 M Tris-HCI with 0.5% w/v
minor cytochromes. Isoniazid-induced microsomes are bovine serum albumin (BSA; Sigma Catalog # A
used for those test materials metabolized by cytochrome 9647): Add 1.57 g of Tris-HCI, 5.75 g KCI, and 2.5 g
P-450j. The nature of the test material may suggest which BSA to 500 ml of Type I water. Adjust pH to 7.5.
inducing system to use. Store at 4 0C.

Several compromises are required when MAS is
employed. Sterile plastic Petri dishes are used to mini- Microsomal P-450 Preparation from Rat
mize bacterial contamination. These dishes hold only 8 ml
instead of the 10 ml contained in the glass dishes. Liver
Antibiotics are also required to inhibit bacterial growth and
these may interact with the test substance. Microsomal Animal Treatment
protein can slow growth and development at concentra-
tions greater than 100 pg/ml. NADPH which is required Male Sprague-Dawley rats (200-250 g) are used.
for mirosomal activity can also cause abnormal develop- For Aroclor 1254-induced microsomes, give an intraperi-
ment and its concantration must be kept low. Despite toneal injection of 500 mg/kg body weight. Allow five days
these drawbacks, the MAS can improve the predictive for full induction. The Aroclor 1254 stock solution should
accuracy of FETAX and provide repeatable and reliable be prepared in corn oil (500 mg/ml). For isoniazid
data. induction use 0.1% w/v isoniazid (Sigma Catalog # 1 3377)

Each lot of microsomes is different. Thus, the for ten consecutive days administered in the drinking
cytochrome P-450 activity must be measured and a water.
standard amount added to each dish. Controls are
important in these experiments. It is important to perform Preparation:

a MAS-only (microsomes and generator system but no
test material) negative control as well as a positive control NOTE: Keep all buffers at 4 °C.
for bioactivation. The bioactivation positive control is 4
mg/ml cyclophosphamide (Sigma Catalog # C 0768) with 1. Kill the rat by cervical dislocation.
and without MAS. With MAS, the cyclophosphamide
should kill 100% of the embryos in 96 hr while there 2. Begin perfusion of the liver via the hepatic portal vein
should be no deaths without MAS. A final control is with Buffer 2. Perfuse until well blanched (approxi-
needed to demonstrate that the cytochrome P-450 system mately 50 ml).
is responsible for the observed bioactivation. For this
control, a small amount of dithionite (Sigma Catalog # S 3. Excise liver and homogenize in seven volumes of
1256) is added to dishes containing MAS and a concentra- Buffer 3 using a Potter-Elvehjem (P/E) homogenizer.

tion of test material that results in significant mortality or
malformation upon bioactivation. After the mixture is 4. Centrifuge first at 900 x g for 10 min then increase
gassed with carbon monoxide for three minutes, the speed to 9000 x g for 15 min.
cytochrome P-450 should be inactivated and the mortality
and malformation rates should be as if no microsomes 5. Remove S-9 supernatant to another tube and
were present. The following references provide additional centrifuge the S-9 supernatant at 105,000 x g for 1 hr.
information on the use of MAS with FETAX.

6. Discard supernatant and resuspend pellet in Buffer 2.

7. Centrifuge again at 105,000 x g for an additional hr.
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8. Resuspend microsomal pellet in 20-30 ml of Buffer 1 Antibiotics:

(depending on number of rats). Homogenize again
with two to three strokes using a PIE or Dounce ho- The number of units/mg varies with each lot of
mogenizer. antibiotic. Make up a stock solution of 10,000 U/mlpenicillin G (Sigma Catalog # PEN-NA) and 10,000 U/mi

9. Aliquot samples into 1.5 ml microcentrifuge tubes or ptenicillin ut (Sigma Catalog # S 601) a n 00AXm

cryovials, and snap freeze in liquid nitrogen. Measure streptomycin sulfate (Sigma Catalog #S 6501) in FETAX
protein (Bio-Rad kit; Bradford, M., Analytical Biochem- solution. The dilution factor is 100 and 80 pl should be
istry 72: 248, 1976) and N-demethylase activity (see added to each dish of 8 ml total to give a final concentra-
below) prior to use. tion of 100 U/ml of each antibiotic. Store at 4 OC.

Metabolic Activation Generator System N-Demethylase Determination by a
for FETAX Modified Procedure from Nash (1955)I and Lucier et al. (1971).

The following components can be added individually to

the Petri dish or as a combined generator stock solution Background:
(see below). For routine work, use the combined generator
stock. Aminopyrine is used as a substrate when determining

the P-450 activity of Aroclor 1254-;nduced microsomes
1. Glucose-6-Phosphate - FW = 298.2 g/mole (Sigma while N-dimethylnitrosamine is used for isoniazid-induced

Catalog # G 5137). 1 g is dissolved in 4 ml of FETAX microsomes. Aminopyrine is converted into aminoanti-
solution yielding a 838.4 mM solution. 34 p1 of this pyrine and formaldehyde. Dimethylnitrosamine is metabo-
solution in a total of volume of 8 ml per dish results in lized into monomethylnitrosamine and formaldehyde. By
a final concentration of 3.6 mM. using a colorimetric assay using acetyl acetone in the

presence of acetic acid and ammonium ion analyzed at
2. Glucose-6-Phosphate Dehydrogenase (Sigma 412 nm, the amount of formaldehyde produced can be

Catalog # G 7878). 250 U are dissolved in 2.5 ml determined.
FETAX solution. When 25 V1 are added to a total
volume of 8 ml per dish the resulting concentration is Reagents and Stock Solutions for Nash Assay
0.31 U/ml.

1. Nash Reagent- 22.5 g of ammonium acetate (Sigma
3. Nicotinamide Adenine Dinucleotide (NADP) - FW Catalog # A 7262; FW 77.08; 6 M final concentration),

765.4 g/mole (Sigma Catalog # N 0505). 0.15 g is 0.3 ml acetylacetone (Sigma Catalog # A 3511; MW
dissolved in 5 ml of FETAX solution. This results in a 100.1; 60 mM final concentration) and 0.75 ml acetic
39.2 mM solution. When 22 pi is added to a total acid (Sigma Catalog # A 6283; FW 60.05; 0.15 M final
volume of 8 ml, the final concentration is 0.1 mM. concentration) in 50 ml distilled water, pH to 6.7.

Store at 4 °C.
4. Reduced Nicotinamide Adenine Dinucleotide

(NADPH) - FW = 743.4 g/mole (Sigma Catalog # N 2. 840 mM Glucose-6-Phosphate (FW 298.2) - 250.5
1630). 5 mg is dissolved in 2.5 ml of FETAX solution mg in 1 ml of Buffer 1. Store at -20 °C.
resulting in a 2.7 mM solution. If 21 p~l is diluted to a

total volume of 8 ml, the final concentration will be 3. 2.5 mM NADPH (FW 833.4) - 2.08 mg in 1 ml ofi 7 pM. Buffer 1. Store at -20 OC.

5. Combined Generator Stock Preparation (for 50 4. 235 mM MgCl2 (FW 203.31) - 4.78 g in 100 ml of
dishes). To make up the generator solution, add 1.85 Buffer 1. Store at 4 OC.
g of glucose-6-phosphate, 132 mg NADP, 8.4 mg
NADPH to 16.8 ml of FETAX. This will be enough to 5a. For Aroclor-induced microsomes:
supply 50 dishes. Glucose-6-phosphate dehydro- 10 mM aminopyrine (Sigma Catalog # D 8015)(FW
genase is added separately. Add 77 pI of the genera- 231.3) - 23.13 mg in 10 ml of Buffer 1. Store at 4 °C.
tor stock preparation to each dish. Store generator
at -20 OC. 5b. For Isoniazid-induced microsomes:

10 mM dimethylnitrosamine (DMNA) (Sigma Catalog
# N 3632)(FW 74.08) -
1. To a 1 g Sigma Isopak add 50 ml of Buffer 1

(270 mM final concentration).
2. 0.371 ml of 270 mM DMNA is then added to 10

ml of Buffer 1 (10 mM final concentration).
Store at 4 OC.

6. 10% w/v trichloroacetic acid (TCA)(Sigma Catalog # TI. 6399) - 10 mg in 100 ml of Buffer 1. Store at room
temperature.

65



Procedure: Absorbance calculation:

1. Prepare microsomes as previously described. A = (absorbance of sample - absorbance of blank)
3.75 = dilution factor.

2. Each 3 ml sample contains the following: 0.00795/(cm x pM) = extinction coefficient
10 min is the length of time of the assay.

a. 5 mM Glucose-6-phosphate - 18 p1 of 840 mM 0.1 is the ml of microsomal sample used in the assay.
(Glucose-6-Phosphate)

A x (3.75/0.00795) x 1/10 min x 1/0.1 ml microsomal
b. 0.4 mM NADPH - 480 p1 of 2.5 mM (NADPH) sample = pM formaldehyde per min per ml.

Final units are pM formaldehyde per min per ml of micro-
c. 20 mM MgCl 2 - 255 p1 of 235 mM (MgCI2) somes.

dl. For Aroclor-induced microsomes: Dividing by the protein concentration yields the pM
8 mM Aminopyrine - 540 pl of 10 mM (Amino- formaldehyde per minute per mg microsomal protein.
pyrine) 1 gM formaldehyde/min is an APD unit. We generally add

0.4 APD Units per ml. The activity must be > 6.67 APD
d2. For Isoniazid-induced microsomes: Units per mg protein.

1.8 mM Dimethylnitrosamine - 540 pl of 10 mM
(DMNA) Standard Curve (If you do not wish to use the extinction

coefficient you may use the standard curve)
e. 2 Units Glucose-6-Phosphate dehydrogenase.

Use single unit assay vials (Sigma Catalog # G 0.1 mg/ml formaldehyde stock
1256) and dilute the enzyme with 0.5 ml per vial
of Buffer 1. Add 1 ml total to the 3 ml sample. 0.5 pg/ml - 0.015 ml stock and 1.985 ml buffer 1

f. 100 p of microsomal sample. 1.0 pg/ml - 0.03 ml stock and 1.97 ml buffer 1

g. Adjust volume to 3.0 ml with Buffer 1. (For the 5.0 pg/ml - 0.15 ml stock and 1.85 ml buffer 1
additions above, 607 pl should be added.).

10.0 pg/ml - 0.30 ml stock and 1.7 ml buffer 1
CAUTION: Add enzyme and microsomal sample last.
A blank sample must be performed. (100 pl of Buffer 1) 50.0 pg/ml - 1.5 ml stock and 0.5 ml buffer 1

3. Incubate mixture at 37 OC for 10 min. Calculations:

4. Remove 1 ml of the incubation mixture and add Regression analysis is used to determine the concen-
1.5 ml of 10% w/v trichloroacetic acid (TCA) to this tration of formaldehyde. In order to determine the formal-
aliquot. (The sample can be split into two replicates dehyde concentration in 3 ml of incubation media multiply
at this time.) the regression analysis value by 3.75. This is the amount

of formaldehyde created by 0.1 ml of protein. Divide this
5. Centrifuge sample at 12,000 x g for 20 min., room result by 10 min and the protein concentration to obtain the

temperature. pg of formaldehyde/minute/mg protein.

6. Remove 2 ml of the clear supernatant and place in a
capped tube.

7. Add 1 ml of the Nash reagent and incubate in the
water bath for 10 min at 60 °C.

8. Measure Absorbance at 412 nm. Formaldehyde has
an extinction coefficient of 7950/(cm x M).
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Summary of Metabolic Activation System

Components added to Each Petri Dish

2.Test Material
Concentration varies with
material. Make stock solution
using FETAX solution as the
diluent.

1.Calculate and add the volume 3.Antlotlcs
of FETAX solution required for a Penicillin 100 U/ml
final volume of 8 ml after all Streptomycin Sulfate 100 U/ml
other components have been Use 80 gd of stock.
added.

Ir

6.Rat Liver microsomes 4.Generator System
0.4 U/ml activity, but not more Glucose-6-phosphate 3.5 mM
than 60 gg/ml protien. Usually NADP 0.10 mM
between 70-110 gl of NADPH 7 gM
microsomes. Use 77 Id of stock.

5.Enzyme
Glucose-6-phosphate
dehydrogenase 0.31 U/ml
Use 25 gi of stock.

I
A sterile 60x1 5 mm plastic Petri dish is used. There are a total of 8 mls in each dish. The diluent is FETAX

Io solution and the concentrations in boldface are the final concentrations for each component. The number on
each box indicates the order of addition.

I6
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Other Procedures
Staining Xenopus laevis Embryos. Observation of Live

At times, it might be desirable to observe surface structures Xenopus laevis Embryos.
of embryos. This is especially true in training situations MS-222 (Sigma Catalog # A 5040) can be success-
when a new technician is attempting to stage 96-hr larvae fully used to immobilize and observe live embryos for
or to view facial malformations. The following technique staging, heart abnormalities, and other defects by the
uses crystal violet and acid decolorization to stain selec- addition of approximately 0.02 mg of MS-222 per 10 ml of
tively certain denser structures such as the brain, carti- FETAX solution. The powder should be added directly to a
lage, and the hind limb bud. It also highlights surface 60 mm Petri dish containing embryos in 10 ml of FETAX
structures such as the external nares, tail fin, and mouth. solution. Higher concentrations will kill the embryos. After
Once observed with the stain, these structures are much 10-15 seconds, the embryos will be motionless and can be
more easily identified in the unstained organism (See rotated onto their backs for ventral examination, or rotated
Chapter 8, Figure 3). onto their sides for staging by the observation of the hind

limb bud. After observation, the embryos can be revived
Modified Gram's Stain for 96-hr Embryos by placement in fresh FETAX solution or they can be
Note: Embryos should have been in 3% formalin for at formalin-fixed.
least 24 hr. Freshly killed and fixed embryos will not stain
the same way. F, eparation of Xenopus laevis 96-hr
CAUTION: Do not allow embryos to dry out during solution Embryos for Scanning Electron
changes. Microscopy(SEM).
1) Remove embryos from formalin.
2) Wash embryos twice with FETAX solution. The following procedure is a standard method for
3) Place embryos in a 60 mm Petri dish with 10 ml SEM preparation of biological specimens.

FETAX solution.
4) Add 3 drops Hucker's crystal violet. 1. Fix 96-hr embryo with 1.6% gluteraldehyde for
5) Wait 30 seconds. two hours.
6) Drain Hucker's crystal violet/FETAX solution from 2. Wash with phosphate buffer three times.

embryos. 3. Post-fix tissue in 2% OsO, for two hours.
7) Rinse with FETAX solution until solution remains 4. Dehydrate in ethanol, 6 washes from 50% to

clear. 100% ethanol.
8) Drain completely. 5. Dry using Critical Point Dryer (CPD)(place on
9) Use just enough dilute acid alcohol to cover embryos. stub).
10) Wait 2 to 10 seconds depending on decolorization 6. Put in desiccator overnight.

desired. 7. Au-Pd sputter coat just before viewing.
11) Add 10 ml of FETAX solution while swirling to further 8. Store in dust-free, dry area, such as a desiccator.

dilute the acid alcohol and arrest decolorization. Step 3 may not be necessary, but helps to harden
12) Immediately drain completely. the tissue. Special attention should be paid to the dehydra-
13) Rinse twice with FETAX solution. tion and CPD steps. Any water in the sample during CPD
14) Replace FETAX solution with 3% formalin. will shrivel the embryos and make them unusable. How-

Note: The color will change slightly after the addition ever, shriveled embryos will usually show the cilia that
of formalin, and will eventually fade away completely, but cover the embryo, particularly in the nasal area, in good
should be visible for several weeks. condition.

An alternative to CPD is freeze drying. The fixation
Hucker's Crystal Violet: wash is as above except in step 4, transfer the tissue into i
Mix equal volumes of Solution A and Solution B: distillrd water, wash three times and then freeze in liquid
Solution A: nitrogen. Place in a freeze dryer and when dry, place on
2 g Crystal Violet (90% dye content) stub and continue at step 6 above. Freeze drying does not
20 ml 95% Ethyl Alcohol shrivel the embyros as much as CPD. However mechani-
Solution B: cal damage may be a problem. The cilia are not as visible
0.8 g Ammonium Oxalate as with CPD.
80 ml Distilled Water The method of preference is CPD, which seems to

Dilute Acid Alcohol: give the best representation of the true embryo appearance
5% v/v of Acid Alcohol in FETAX solution (5 ml Acid as with CPD.
Alcohol + 95 ml FETAX solution =100 ml of Dilute Acid
Alcohol) ___

Acid Alcohol: Reference:
3% v/v of concentrated HCI in 95% Ethyl Alcohol I + 95 ml LE
FETAX solution = 100 ml of Acid Alcohol) Pelczar, M.J., Laboratory Exercises in Microbiology,

1965,339.
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ANYTHING IS POSSIBLE!
This two-headed embryo is probably the experimental embryology experiments where a

most unusual embryo produced in FETAX second dorsal blastopore lip was grafted 180
testing to date. It is possible that two degrees apart from the normal dorsal lip.
embryonic axes were established very early in Essentially, two embryos develop in opposite
development by the action of the test material, directions (photo bj Hull).
This action could have been similar to early
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Evaluation of the Developmental Toxicity of Five
Compounds with the Frog Embryo Teratogenesis

-. Assay: Xenopus (FETAX) and a Metabolic
Activation System

Douglas J. Fort, Brenda L. James and John A. Bantlet
Department of Zoology, 430 Life Sciences West, Oklahoma State University, Stillwater. OK 74078. USA

Key words: FETAX; developmental toxicity; 2-acetyl aminofluorene; rifampicin; benzolalpyrene: zinc; cytochalasin D.

The potential teratogenic hazard of five compounds was evaluated using the Frog Embryo Teratogenesis
Asay-Xenaopus (FETAX) and a metabolic activation system. Embryos of the South African clawed frog,
Xenopus leevis, were exposed to (I) three compounds suspected to be proteratogenic In mammalian test
systems--2.acetylamlnofluorene (2.AAF), rifampicin (RA) and benzo(ajpyrene (BP)) for 96 h; (ii) one
compound unaffected by mixed-functional oxidase (MFO) metabollsm-ZnSO 4; (ill) one compound thought to
be inactivated by cytochrome P-450--cytochalasln D (CD). Two separate static renewal tests were conducted
with and without the presence of an exogenous metabolic activation system (MAS). The metabolic activation
system consisted of Aroclor 12S4-Induced rat liver microsomes. The teratogenic potential of each compound
and the effects of metabolic activation were based on teratogenic Indices (TI=96 h Lca/96 h ECso (malformation)),
types and severity of malformation, and effects on embryo growth. Metabolic activation increased the potential
teratogenic hazard of 2-AAF, RA and BP by 77 factors of 1.3, 2.8 and 6.8, respectively. The teratogenic
potential of ZUSO 4 was virtually unaffected by the MAS. The MAS significantly reduced the teratogenic
potential of CD by a 7 factor of 2.7. These results demonstrate the utility and Importance of a MAS for In
vitro developmental toxicity screens such as FETAX. Consistent use of a MAS with FETAX should reduce
the number of potential false-positive and false-negative test results.

developmental toxicity of three compounds suspected
INTRODUCTION to be proteratogenic-2-acetylaminofluorene (2-AAF),

rifampicin (RA) and benzo(alpyrene (BP)--one com-

Increasing demands for developmental toxicity screen- pound unaffected by MFO metabolism-ZnSO-and
ing necessitate the development, validation and use one compound believed to be metabolically inactivated

of alternative screening systems to the traditional by the MFO system--cytochalasin D (CD). The results

mammalian test systems. t In vitro teratogenesis screen- demonstrate the importance of a successful MAS

ing systems may provide a rapid, cost-effective method for in vitro teratogenesis screening systems such as

of determining compounds and complex mixtures that FETAX. as well as the utility of these systems in

may be potential teratogenic hazards. A fundamental evaluating the role that MFO metabolism plays in
problem shared by many in vitro developmental toxicity teratogenesis.
screening systems is the inability to metabolize xeno-
biotics. 2 This presents a major obstacle in the detection
of proteratogens, as well as teratogens inactivated by EXPERIMENTAL
the mixed-functional oxidase (MFO) system.

The Frog Embryo Teratogenesis Assay-Xenopus Chemicals and biochemicals
(FETAX) is a 96-h static renewal bioassay designed
to screen potential developmental toxicants. 3 Since All chemicals used in the rat liver microsome prep-
Xenopus embryos lack many metabolic enzyme systems aration, test compounds and dimethylsulfoxide
through the first 96 h of development, an exogenous (DMSO) were purchased from Sigma (St. Louis. MO).
metabolic activation system (MAS) was developed Aroclor 1254 was obtained from Monsanto Corporation
for FETAX using Aroclor 1254-induced rat liver (St. Louis, MO).
microsomes and the proteratogen cyclophosphamide
(CP). 4 Recently, the developmental toxicity of nicotine Microsome preparation
-id a primary metabolite cotinine on Xenopus embryos

* as evaluated using this MAS. 5 Bioactivation greatly Aroclor 1254-induced rat liver microsomes were pre-
reduced the teratogenicity and growth inhibiting effects pared as described previously.4 Adult male Sprague-
of nicotine. This report describes the evaluation of the Dawley rats (200-300 g) were injected with 500 mg

kg- 1 Aroclor 1254 in corn oil for five days prior to
t Author to whom correspondence should be addressed. microsome preparation/ Following cervical dislo-

0260-437X/89/060377-12SO6.00 Received 16 March 1989
@ 1989 by John Wiley & Sons. Ltd. Accepted irevntedl 2 June 1989



cation, the liver was exposed and perfused with 50 ml For each compound, one range-finder and two
of 0.02 M Tris-HCl buffer containing 1.15% KCI (pH separate definitive tests were conducted with and
7.5). The liver was homogenized in 1.15% KCI-0.02 without the MAS. The pH of all stock solutions
M Tris-HCI buffer containing 0.5% bovine serum was maintained between 7.0 and 7.5. Embryos we:

- albumin (pH 7.5). The homogenate was then centri- cultured at 230C throughout the test. All solutioni-
fuged successively at 600, 9000 and 102 000 g ave, were removed every 24 h of the 4-day test and fresh
resuspended and pelleted again. The final washed solutions were added. Dead embryos were removed at
microsomal pellet was suspended in 0.05 M Tris-HCl this time. After 96 h of exposure, surviving embryos
(pH 7.5), put itto 1.5-ml aliquots and immediately were fixed in 0.7% formalin (pH 7.0). The number of
frozen in liquid nitrogen.7 Protein content was deter- live malformed embryos and the stage of development 7

mined by the method of Bradford." Cytochrome P-450 were determined using a dissecting microscope.
(P-450) activity was inferred by the measurement of
formaldehyde generated from the N-demethylation of
aminopyrine (APD)9 under standard assay conditions
established previously."' Several aliquots of micro- Litchfield-Wilcoxon probit analysis was used to ascer-
somes were chemically reduced with dithionite and tain the 96-h LC5o (the median lethal concentration)
pretreated with carbon monoxide (CO-MAS) to select- and the 96-h Ecs() (the concentration inducing gross
ively inactivate P-450 activity." terata in 50% of the surviving embryos).' 8 The 95%

confidence limits were calculated as well. A Teratogenic
Animal care and breeding Index (Tf), which has proved useful in assessing

teratogenic hazards. 3- 5 .13. 19 was determined by dividing
Xenopus adult care, breeding and embryo collection the 96-h LC50 by the 96-h ECs11 (malformation). Head-tail
were performed according to Courchesne and Bantle.' 2  length (growth) was measured using a Radio Shack

digitizer and a model 16 microcomputer.

Assay procedure
Initial tests were conducted to determine the maximum
amount of DMSO that could be used as diluent and RESULTS
the effect that it had on P-450 activity. For unactivated
tests. groups of 20 embryos were placed in 60-mm
covered plastic Petri dishes with varying concentrations
of the appropriate test compound. 2-AAF. RA. BP Preliminary tests indicated that upon exposure t
and CD stock solutions were prepared by dissolving 1% (v/v) DMSO. microsomal APD activity wa-
in 1% (v/v) DMSO diluted in FETAX solution-a 0.05 U mg- ' protein "t 0.01 (n=6), which was not
reconstituted water medium appropriate for the cultur- significently different from FETAX solution controls,
ing of Xenopus embros.13 ZnSO, was dissolved in 0.05 U mg- ' protein ± 0.03 (n=6) (grouped t-test.
appropriate volumes of FETAX solution. For each P=0.05). The lowest observable effect concentration
compound. 8-13 concentrations were tested with repli- (LOEC) (Dunnett's test. P=0.05) and the minimum
cates. Four separate dishes of 20 embryos were exposed concentration to inhibit growth (MCIG) (grouped
to FETAX solution (designated FETAX solution f-test. P<0.05) for the embryos exposed to DMSO for
controls). Forty embryos. 20 per dish. were exposed 96 h were 1.4 and 1.2% (v/v). respectively.
to 1% DMSO in FETAX solution and served as solvent In all tests conducted. FETAX solution control
controls. Each treatment contained a total of 8 ml of embryo mortality and malformation rates were <6%.
solution. Mortality and malformation rates in the MAS and

Stock Zn concentrations were determined by atomic DMSO controls were below 6 and 7%, respectively.
absorption analysis. To facilitate the comparison of Mortality and malformation rates in control embryos
tests within this study and previous work with Zn. 4  exposed to the MAS and DMSO simultaineously were
the concentration of each test dilution was normalized 15% or less. At least 90% of the embryos exposed to
to 100 pLg ml- ' hardness (as CaCO).15 .1' 4.0 mg ml- 1 activated CP died before 96 h. Survivors

The metabolically activated tests were also conducted were severely malformed. Control embryos exposed
in duplicate with 20 embryos per dish. Stock solutions to 4.0 mg ml-' unactivated CP exhibited malformation
were prepared as described for the unactivated tests. and mortality rates less than or equal to 15%.
Each activated treatment received 0.04 U APD activity
(units expressed as ±M formaldehyde min ). an 2-Aeetylaminofluorene
NADPH generating system and 100 U ml-A
penicillin-100 ptg mi-' streptomycin.. The NADPH Results from tests with 2-AAF are presented in Table
generating system consisted of 3.5 mM glucose-6- 1. The mean unactivated 96-h LCS( was 88.5 tg ml-'.
phosphate. 0.31 IU ml-1 glucose-6-phosphate The mean 96-h EC,, (malformation) was 7.2 ±g ml-1,.
dehydrogenase. 0. 1 mM NADP and 7.0 p.M NADPH. yielding a TI of 12.4. Metabolic activation reduced the
Each dish received no more than 0.06 mg mi -  96-h LC,,, at least 1.9-fold. to ca. 42.5 tg mi-'
microsomal protein. ' Controls for FETAX solution. Activation reduced the 96-h EC,,,, (malformation) t,
DMSO. MAS. DMSO + MAS. CP (FETAX reference approximately 2.6 pg ml-' (2.7-fold). The average TI
proteratogen). - CO-MAS + toxicant (negative control) value was 16.7. Malformations induced by unactivated
and unactivated toxicant were also run with each test. 2-AAF included improper gut coiling and pericardial



Table 1. Effect of 2-acetylaminofluoene on Xenops embryo development

Treatment Unactivated Activated

Trial 1 Trial 2 Trial 1 Trial 2

FETAX solution controle
Mortality 5.0 0 1.3 0
Malformation 3.5 2.5 2.5 5.0

MASb controla
Mortality - - 5.0 0
Malformation - - 3.4 5.0

1% (viv) DMSO controls
Mortality 2.5 0 0 0
Malformation 5.1 5.0 5.0 5.0

MAS + 1% (v/v) DMSO"
Mortal;ty - - 7.5 0
Malformation - - 15.0 12.5

4.0 mg mi-I CP"..
Mortality 0 0 100.0 100.0
Malformation 20.0 10.0 - -

CO-MASd + 75 I~g m1i- 2-AAFA."
Mortality 0 0 0 0
Malformation 100.0 85.0 100.0 100.0

tCqo (W&g ml-1) 87.0 90.0 45.0 40.0
(84.0-89.0) (88.0-93.0) (26.0-78.0) (32.0-58.0)

ECS0f (l.g ml-') 6.9 7.4 2.6 2.5
(6.5-7.3) (7.0-8.0) (0.4-9.0) (2.0-3.0)

779 12.6 12.2 17.3 16.0

OData presented as percent effect.
b Metabolic activation system.
C Cyclophosphamide.
dCarbon monoxide-inactivated MAS.

Unactivated column represents data for embryos exposed to 75 pg ml-I 2-AAF alone.
'Determined by Litchfield-Wilcoxon probit analysis with 95% confidence interval in parentheses.
996-h LC,96-h ECso (malformation).

edema at concentrations >6 pLg ml-. At concentrations Rifampicin
>10 g ml-', severe gut malformations, ophthalmic
edema and craniofacial abnormalities were also Unactivated RA was not developmentally toxic at the
observed. Gut miscoiling. edema of the pericardium. limit of solubility in 1% (v/v) DMSO. thus the 96-h
opthalmic region and dorsal fin. and severe micro- LCS,, and EC:,, (malformation) values are expressed as
ophthalmia were elicited by activated 2-AAF at concen- >2.0 mg ml-' (Table 2). Bioactivation decreased the
trations of >1.0 pig ml-I. Concentrations of >10 ig 96-h LC5 ) to ca. 1.4 mg ml1. The mean 96-h EC.,,
ml-' bioactivated 2-AAF produced severe skeletal (malformation) for bioactivated rifampicin was 0.5 mg
kinking, malformations of the mouth and microence- ml-I and the TI was 2.8. Activated RA concentrations
phaly. The effects of unactivated and bioactivated 2- of >50 ipg ml-' caused miscoiling of the gut. cranio-
AAF on embryo growth is illustratcd in Fie. 1. facial deformities and microophthalmia. Severe micro-
Exposure to metabolically activated 2-AAF had a encephaly, ophthalmic and pericardial edema, and
greater growth inhibiting effect than did exposure to skeletal kinking were produced in concentrations of
unactivated 2-AAF. Growth reduction as the result of >1.0 mg ml-1'. The effect of metabolic activation of
'-AAF bioactivation was also greater than the additive RA on embryo growth is presented in Fig. 2. Activated

owth inhibition caused by the MAS + DMSO and RA concentrations of >1 mg ml- ' caused slight growth
unactivated 2-AAF treatments. Embryos exposed to inhibition. However, the reductions may have been
CO-MAS and 85 ig ml- 2-AAF were 75.5% of caused by the sum of the actions of the MAS + DMSO
FETAX solution control growth. and unactivated RA treatments. Unactivated RA
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Figure 1. Representative growth curves from final definitive experiments, presented as percent of mean FETAX solution control
with SE, for Xenopus embryos exposed to unactivated (0) and bioactivated (*) 2-AAF for 96 h; (0) represents the additive growth
inhibiting effects of the MAS + DMSO and unactivated 2-AAF treatments.
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Figure 2. Representative growth curves from final definitive experiments, presented as percent of mean FETA'( solution control
with SE, for Xenopus embryos exposed to unactivated (U) and bioactivated (*) RA; (e) represents the additive growth inhibiting
effects of the MAS - DMSO and unactivated RA treatments.



Table 2. Effect of rifampidn on Xeaopus embryo developmet

Treatment Unactivated Activated

-- _ Trial 1 Trial 2 Trial 1 Trial 2
FETAX solution control*

Mortality 1.9 1.9 2.5 0
Malformation 3.4 5.1 5.1 0

MASb control*
Mortality - - 2.5 0
Malformation - - 5.1 5.0

1% (vlv) OMSO controls
Mortality 0 0 0 0
Malformation 5.0 2.5 5.0 0

MAS + 1% (v/v) DMSO"
Mortality - - 2.5 0
Malformation - - 10.3 5.0

4.0 mg ml-I CP'-@
Mortality 0 0 100.0 100.0
Malformation 5.0 5.0 - -

CO-MASd + 2.0 mg m1'- RAO."
Mortality 0 13.3 0 0
Malformation 5.0 15.4 15.4 10.0

LCew (mg ml-') >2.00 >2.0 1.40 1.35
(1.24-1.56) (1.26-1.46)

EcW (mg m1-1) >2.0 >2.0 0.53 0.47
(0.45-0.63) (0.39-0.55)

- - 2.6 2.9

a Data presented as percent effect.
b Metabolic activation system.
a Cyclophosphamide.
d Carbon monoxide-inactivated MAS.
a Unactivated column represents data for embryos exposed to 2.0 mg ml-I RA alone.
f Determined by Utchfield-Wilcoxon probit analysis with 95% confidence interval in parentheses.
2 imit of solubility in 1% (vv) DMSO.
h 96 h Lc9 h ECeo (malformation).

concentrations of >1.5 mg ml- 1 caused increased encephaly, severe eye malformations and skeletal
embryo growth compared to FETAX solution controls. kinking were observed at >5 pLg ml-1 activated BP.
whereas activated concentration of >1.0 mg m1-1 The effect of bioactivated BP on embryo growth is
caused marked growth reduction. Embryonic growth shown in Fig. 3. Activated BP concentrations greater
in the FETAX solution controls and the CO-MAS + than ca. 5 i.g ml-I caused greater growth reduction
2.0 mg ml- RA treatment was nearly identical. than could be explained by the additive effect of

the MAS + DMSO and unactivated BP treatments.
Benzo[alpyrene Embryos exposed to 10 j~g ml-I BP and CO-MAS

were 87% of FETAX solution control growth.
Results from tests with BP are shown in Table 3. The
96-h LC5o for both unactivated and metabolically ZnSO4
activated BP is expressed as being > 10 p.g ml-', since
the median lethal concentration exceeded the limit In tests without the MAS, the average normalized 96-
of solubility in 1% (v/v) DMSO. The 96-h ECSo h LCo was 34.4 p.g ml-' (Table 4). The 96-h EC5()
(malformation) for unactivated BP was ca. 11 ig ml-1. (malformation) was ca. 2.7 l.Lg ml- I in tests without
Bioactivation reduced the 96-h ECso (malformation) by the MAS. In tests with the MAS, the mean 96-h
ca. 6.7-fold to 1.7 l.g ml-1. The TI increased at least LCso was 36.7 i.g ml- '. The activated LCso value
5.6-fold upon activation. At concentrations of >2.5 g±g (standardized per microgram of microsomal protein)
ml -1, unactivated BP elicited moderate gut malfor- was ca. 1.6 .g ZnSO 4 p.g-' protein. With the MAS.

* mations, while concentrations of >7.5 i.g ml-1 pro- the 96-h ECSO (malformation) was ca. 2.9 i.g ml- '. The
duced severe gut abnormalities and malformations of TI values for unactivated ZnSO4 and ZnSO 4-MAS
the mouth. Bioactivation induced ophthalmic edema, experiments were 13.3 and 12.7, respectively. Embryos
severe gut miscoiling and mouth malformation at exposed to ZnSO4 alone at concentrations of >1.5 ptg
concentrations of >0.5 p.g ml-'. In addition. micro- ml-1 caused mild gut malformations and pericardial



Table 3. Effect of benzo(alpyrene on Xenps embryo development

Treatment Unactivated Activated

Trial 1 Trial 2 Trial 1 Trial 2

FETAX solution controls
Mortality 0 0 0 0
Malformation 0 3.4 0 3.4

MASb controls
Mortality - - 0 3.4
Malformation - - 2.5 3.4

1% (vlv) DMSO control*
Mortality 2.5 0 2.5 0
Malformation 5.0 0 3.4 0

MAS + 1% (v/v) DMSO"
Mortality - - 0 0
Malformation - - 15.0 3.4

4.0 mg ml-I CP".c
Mortality 0 0 100.0 100.0
Malformation 15.0 15.0 - -

CO-MASd + 10 iLg ml-' BPS..
Mortality 0 0 0 0
Malformation 0 0 40.0 33.3

LCqW (Pg ml-') >10.09 >10.0 >10.0 >10.0
EC 0

5
' (i.g mi-1) 12.0 10.0 1.5 1.8

(6.0-20.0) (8.0-12.0) (1.0-2.4) (1.2-3.0)
77h >0.8 >1.0 >6.7 >5.6

a Data presented as percent effect.
b Metabolic activation system.
c Cyclophosphamide.
d Carbon monoxide-inactivated MAS.
0 Unactivated column represents data for embryos exposed to 10 .g m1- BP alone.
'Determined by Litchfield-Wilcoxon probit analysis with 95% confidence interval in parentheses.

Limit of solubility in 1% (v/v) DMSO.
96-h LC,96-h ECso (malformation).

edema. Above 4.0 l.g ml-1. ZnSO. induced severe was 450 ng ml- 1. The inactivated 96-h EC5j, (malfor-
edema of the pericardium and eye, gut miscoiling, and mation) was ca. 100 ng ml- . In tests conducted with
head and mouth malformations. Higher concentrations the MAS, the 96-h LC., averaged 800 ng ml- . The
also caused severe skeletal kinking, microophthalmia. bioinactivated 96-h ECSC1 (malformation) was ca. 600 ng
microencephaly and craniofacial malformations. ml-'. The TI for unactivated CD was ca. 3.9 whereas
ZnSO.t-MAS exposure produced similar malformations the TI for bioinactivated CD was ca. 1.5. Unactivated
to those induced by the unactivated treatments. The CD concentrations of >50 ng ml- I induced severe
severity of the gut miscoiling and edema was slightly impairment of eye formation. gut miscoiling and
greater at the lower concentrations (<4.0 pg ml) when craniofacial malformations. At concentrations of >75
cultured with the MAS. At higher concentrations (>5.0 ng ml- 1. microencephaly, muscular kinking and skeletal
p.g ml-1), skeletal kinking was observed less and defects were observed. The term muscular kinking
was generally less severe than that produced in the caused by muscular contraction is used to differentiate
unactivated treatments. The effect of ZnSO. on embryo from that of skeletal kinking in which the spine itself
growth is shown in Fig. 4. Addition of the MAS had is affected. In tests with the MAS, severe miscoiling
little effect on the embryo growth inhibiting potential of the gut, pericardial edema and mouth malformations
of ZnSO,. Embryos exposed to 85 p-g ml- I ZnSO4  were induced at concentrations of >250 ng ml-1.
(30.5-36.3 jig m - I normalized) and the CO-MAS Additional anomalies found at >900 ng ml- were
were 81.7% of FETAX solution control growth. skeletal kinking, moderate craniofacial malformations

and microencephaly. The effect of metabolic inacti-
* vation of CD on embryo growth is presented in Fig.

Cytochalasin D 5. Addition of the MAS increased embryo growth
compared to embryos exposed to CD alone. Embryos

Table 5 shows the results of tests conducted with CD. exposed to CD and the CO-MAS were 87.1% of
The mean 96-h LC1, for unactivated CD experiments FETAX solution control growth.
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Figure 3. Representative growth curves for final definitive experiments, presented as percent of mean FETAX solution zontrol with
SE, for Xenopus embryos exposed to unactivated (U) and bioactivated (*) BP for 96 h; (e) represents the additive growth inhibiting
effects of the MAS + DMSO and unactivated BP treatments.
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Figure 4. Representative growth curves for final definitive experiments, presented as percent of mean FETAX solution control with
SE, for Xenopus embryos exposed to unactivated (0) and ZnSO, plus the MAS (*) for 96 h; (*) represents the additive growth
inhibiting effects of the MAS and unactivated ZnSO, treatments.



Table 4. Effect of ZnSO 4 on Xenops embryo development

Treatment Unactivated Activated

Tral 1 Trial 2 Trial 1 Trial 2

FETAX solution controls
Mortality 0 0 0 0
Malformation 5.0 2.5 1.3 2.5

MASb controls
Mortality - - 2.5 3.4
Malformation - - 0 3.6

4.0 mg m1- 1 CP8 .c
Mortality 0 0 100.0 90.0
Malformation 0 0 - 100.0

CON-MASd + 85 g mI-l- ZnSO40.

Mortality 0 0 0 0
Malformation 100.0 100.0 100.0 100.0

LCSoo (lLg ml- ') 35.0 33.8 40.0 33.4
(33.9-36.1) (33.2-33.4) (39.7-40.3) (32.7-34.1)

LCs, ( .g Zn Rg- 1 protein) - - 1.72 1.39
(1.72-1.75) (1.36-1.42)

ECSo (;Lg ml- ') 2.22 3.15 2.92 2.85
(1.79-2.76) (2.80-3.54) (2.55-3.35) (2.64-3.09)

77h 15.8 10.7 13.7 11.7

* Data presented as percent effect.
b Metabolic activation system.
Cyclophosphamide.
Carbon monoxide-inactivated MAS.

* Concentration not normalized to 100 iLg ml-1 hardness (as CaCO,).
SUnactivated column represents data for embryos exposed to 85 jgg m1-1 Zn alone.
g Determined by Litchfield-Wilcoxon probit analysis with 95% confidence interval in parentheses.
Concentrations normalized to 100 l.g9 mt- 1 hardness (as CaCO3) . .

h 96-h LcsM'96-h EC90 (malformation).

embryos exposed to unactivated 2-AAF. Metabolic

DISCUSSION activation of 2-AAF primarily caused severe malfor-
mations of the brain, eye and skeletal system in
Xenopus. These malformations were not observed in

Metabolic activation increased the developmental tox- unactivated treatments. Activation also caused a slight
icity of 2-AAF, RA and BP, reduced the effect of CD decrease in embryo growth and was not as marked as
and had no significant effect on ZnSO,. Generally, in the rates for RA and BP. These anomalies are similar
FETAX. TI values of <1.5 indicate low teratogenic to those found in in vivo and in vitro mammalian
potential whereas higher values signify an increase in teratogenesis test systems. Izumi:' produced primarily
the potential hazard. 4.- '- 9 However. types and severity skeletal malformations by administerine 2-AAF to mice
of malformations. growth inhibition and results with between the 8th and 15th day of gestation. Faustman-
CO-MAS are also considered. Some compounds with Watts et al.2 1 exposed cultured whole-rat embryos to
TI values of <1.5 produce severe malformations of 2-AAF, activated 2-AAF and two metabolites-N-
major organ systems. These compounds may still pose hydroxy-2-acetylaminofluorene (N-OH-AAF) and N-
a hazard for the developing embryo (possibly as an acetoxy-2-acetylaminofluorene (N-AAAF). No malfor-
embryo toxin). CO-MAS controls provide the much mations and minimal decreases in viability and growth
needed information for assessing the role of P-450- were observed with unactivated 2-AAF at concen-
mediated metabolism in teratogenesis. trations up to 75 l.g ml-'. Concentrations of >60 l.g

Even without activation. 2-AAF is a significant ml-I bioactivated 2-AAF caused a decrease in embryo
teratogenic hazard in FETAX. Several additional viability, incomplete closure of the neural tube and a
factors suggest the importance of biotransformation in decrease in embryo growth. In the present study.
2-AAF teratogenesis. First. activated 2-AAF induced the concentration of unactivated 2-AAF required to
different types of terata with greater severity than malform all Xenopus embryos was 7.5 times greater
unactivated 2-AAF produced. Second. embryos than activated 2-AAF. Thus, it may be possible that
exposed to 2-AAF and the CO-MAS exhibited similar concentrations of >75 i.g mi-I unactivated 2-AAF
malformation responses. including growth reduction to were required to elicit malformations in cultured



rat embryos. These concentrations were not tested, in rats grown in vitro and exposed to RA. The response
however. N-OH-AAF and N-AAAF produced ventro- was only observed in the presence of an exogenous
lateral protrusion and hypoplasia of the prosence- microsomal monooxygenase system. Embryo growth
ohalon. Although ventrolateral protrusion of the brain was also reduced but was not dependent on the
vas not observed in Xenopus, hypoplasia of the rat presence of a MAS. In addition, RA has been

- prosencephalon appears to be similar to micro- determined to be more problematic during pregnancy
encephaly detected with Xenopus. than several other antituberculosis drugs, such as

Bioactivation increased the teratogenic hazard of isoniazid and ethambutol. 24 Steen and Stainton-Ellis25
RA, as indicated by the rise in TI and the detrimental reported 9 malformations among 202 exposed newborns
effect on embryo growth at concentrations of > 1.0 mg (4.5%). The malformations observed were anencephaly
ml -1. Embryos exposed to the CO-MAS and RA (1), hydrocephalus (2), genitourinary anomalies (2),
developed normally and growth was not inhibited, dislocated hip (1) and skeletal reduction deformities
thus implicating the role of P450 in teratogenesis. (3). However, evaluation of this information is difficult
Malformations induced by RA exposure in Xenopus since no information about patient selection was

- are similar to deformities found in mammalian models included in the report. 26

and possibly humans. Metabolic activation of rifampicin Exogenous bioactivation increased the potential tera-
caused severe malformations of the gut, brain, eye and togenic hazard of BP. Activation also significantly
skeletal system at low RA concentrations in Xenopus. decreased Xenopus embryo growth at concentrations
Oral doses of >150 mg kg-' in mice and rats of >5.0 .g m - I. Some of the malformations induced
caused spina bifida in both species and cleft palate by BP in mammalian test systems are similar to those
malformations in the mouse fetus.22 Similar treatment observed with Xenopus. Shum et al.27 found that 13-
of rabbits had no apparent effect on the developing naphthoflavone-enhanced BP metabolism in AKR
fetus. Greenaway et al.23 produced open neural tubes inbred mice injected i.p. with BP between 50 and 300

Table 5. Effect of cytochalasin D on Xenopus embryo development

Treatment Unactivated Activated

Trial 1 Trial 2 Trial 1 Trial 2

FETAX solution controla
Mortality 3.8 2.5 1.3 1.3
Malformaton 1.3 3.8 3.8 5.1

MASb controla
Mortality - - 2.5 2.5
Malformation - - 2.6 5.2

1% (v/v) DMSO8
Mortality 2.5 6.7 0 0
Malformation 5.1 3.6 5.0 5.0

MAS + 1% (v/v) DMSO
Mortality - - 0 0
Malformation - - 7.5 10.0

4.0 mg ml-I CP8 .c
Mortality 0 3.4 100.0 100.0
Malformation 0 3.4 - -

CO-MASd + 1.0 p.g ml-' CDs

Mortality 75.0 80.0 96.7 95.0
Malformation 100.0 100.0 100.0 100.0

LCsot (ng m1-) 490 433 883 728
(376-638) (313-599) (765-1020) (637-831)

ECsol (ng m1- ) 121 121 541 551
(86-170) (77-199) (458-638) (486-625)

TO 4.1 3.6 1.6 1.3

8 Data presented as percent effect.
b Metabolic activation system.
c Cyclophosphamide.
d Caroon monoxide-;nactivated metabolic activation system.
• Unactivated column represents data for embryos exposed to 1 j±g ml I CD alone.

Determined by Litchfield-Wilcoxon probit analysis with 95% confidence interval in parentheses.
96-h LC5o96-h ECso (malformation).
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Figure S. Representative growth curves for final definitive experiments, presented as percent of mean FETAX solution control with
SE, for Xenopus embryos exposed to unmetabolized (3) and bioinactivated CD (*) for 96 h: (e) represents the additive growth
inhibiting effects of the MAS + DMSO and unmetabolized CD treatments.

. mg kg- was associated with increased in utero toxicity gens. Established direct-acting teratogens. such as
and terata (club foot. cleft palate and lip, kinky tail. ZnSO4 in Xenopus, should be tested in parallel with
hemangioma. anophthalmia and scoliosis). Skeletal a metabolic activation system to show that results are
kinking in Xenopus may bear some relationship to not affected. Eventually, all compounds selected for
skeletal limb defects in mammals. 3 Similar terata were validation of in vitro teratogenesis screening systems
also observed in B627 and C57BL'628 strain mice after should be tested with and without the MAS.
i.p. injection, but occurred more frequently than in Results from experiments performed with the MAS
the AKR strain. Greater incidence of anomalies found indicate that the developmental toxicity of CD was
in the B6 strain has been attributed to genetic variability reduced. Embryos exposed to metabolically inactivated
in the rate of BP biotransformation [i.e. C57BL/6N CD developed markedly better. which was reflected
and B6 strain mice have a highly inducible P-450 in the absence of several different types of terata
isozyme (AAH) responsible for BP metabolism]. observed in unactivated CD and in embryo growth. In

Metabolic activation did not significantly change the general. the severity of malformations induced by
developmental toxicity of ZnSO4, as indicated by the inactivated CD was significantly less than that caused
similarity of the TI values. Types of malformations by unactivated CD. Previous studies with CD in other
induced in activated and inactivated experiments were animal models are similar to results obtained with
similar as well. Differences in the LC.,) values for FETAX. Shepard and Greenawav 29 found that C-57
activated experiments initially suggested that some and BALB-C. but not Swiss-Webster. strain mice
other factor. such as microsomal metallothionine. might injected on days 7 through 1I produced exencephaly.
be responsible for the slight detoxification of ZnSO 4. hypognathia and skeletal reduction effects. Exenceph-
However. normalization for microsomal protein did aly was found to be the predominant malformation in
not significantly change the variability between the hamsters.31' In the rat, CD was non-teratogenic in vivo:
two expenments. If detoxification was the result of however, impaired neural tube closure was observed
metal-protein binding. normalization should correct in vitro.3' Interestingly, the majority of Xenopus
this variation. Thus. differences were probably due embryos that died at concentrations of >2.5 g.g mi-
only to genetic variability of the embryos used and were arrested during neurulation. The addition of a
minor procedural variations. Growth. which is often MAS to the cultured whole-rat embryo system caused

* the most sensitive endpoint measured by FETAX. significant inhibition of CD teratogenesis.29 Inhibition
was not significantly reduced upon activation. Much of teratogenesis was reduced with the addition of
emphasis placed on MAS studies concerns the ability CO. In FETAX. CO-MAS restored much of the
to -detect only proteratogens. However. a successful developmentally toxic effects of CD. including growth
MAS must not alter the results of direct-acting terato- inhibition. Based on the present evaluation scheme



using the TI, inactivated CD has the potential to be compounds and metabolites. By implementing a MAS
developmentally hazardous. However, differences in into the FETAX protocol, we may increase the
the types and severity of malformations and inhibition predictive value by decreasing the number of false-
',f growth reduction upon inactivation, as well as positive and false-negative test results.
:eversal of the effects by CO, indicate that CD
teratogenesis may be inhibited by the P-450. system. Acknowledgements
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pthe fetal-maternal system and Use of Laboratory Animals' prepared by the Committee on

pharmacologically represent tCare and Use of Laboratory Animals of the Institute of Laboratory
of mammals, however it may provide an opportunity Animal Resources. National Research Council (NIH Publication
to compare the developmental toxicity of parent No. 86-23, revised 1985).
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FURTHER VALIDATION OF FETAX: EVALUATION OF THE
DEVELOPMENTAL TOXICITY OF FIVE KNOWN MAMMALIAN

TERATOGENS AND NON-TERATOGENS
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ABSTRACT

The developmental toxicity of five compounds was
evaluated with the Frog Embryo Teratogenesis Assay:
Xenopus (FETAX). Late Xenopus laevis blastulae were
exposed to 5-azacytidine, methotrexate,
pseudoephedrine, aspartame, and amaranth for 96 h.
Three separate static-renewal assays were conducted
for each compound. Based on Teratogenic Index
[LC50/EC50 (malformation)] values, types and severity
of induced malformations, and embryo growth,
5-azacytidine and methotrexate tested as having strong
teratogenic potential. Pseudoephedrine scored as
having moderate teratogenic potential, but amaranth
and aspartame had little or no teratogenic potential.
Results support the use of FETAX for the screening of
developmental toxicants.

INTRODUCTION

Recent attempts to minimize cost and time

restraints associated with mammalian teratogenesis

assay systems have resulted in the establishment of

several alternative test systems utilizing lower life

1To whom correspondance should be addressed.
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forms.1 One alternative is the Frog Embryo

Teratogenesis Assay: Xenopus (FETAX).

FETAX is a 96-h, static-renewal assay capable of

screening potential developmental toxicants in a time-

and cost-effective manner.2 FETAX also has a high

degree of developmental relevance to mammals.

Previous studies have demonstrated the utility and

versatility of FETAX in the rapid determination of the

potential developmental toxicity of pure compounds
3-5

and complex mixtures.6-8 In addition, a successful

metabolic activation system (MAS) has been developed

9-10 evaluatedll 12 , and applied to the study of

toxicological mechanisms of teratogenesis.
12- 14

In this report, we evaluate the developmental

toxicity of five compounds using FETAX.

MATERIALS AND METHODS

Adult animal care, breeding and embryo collection

were performed according to the method of Dawson and

Bantle.
4

Sets of 25 embryos were placed in 60-mm covered

glass Petri dishes with varying concentrations of the

appropriate test compound (Sigma Chemical Co., St.

Louis, MO) dissolved in FETAX solution.4 For each

compound 8 to 16 concentrations were tested in

duplicate. Four separate control dishes of 25 embryos
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each were exposed to FETAX solution alone. Treatment

and control dishes contained a total of 8 ml of

solution. Antibiotics (100 U/ml penicillin G-0.1

mg/ml streptomycin sulfate)14 were used in the final

test with aspartame to control bacterial growth.

For each compound at least one range and three

definitive dose-response tests were conducted. All

compounds except for amaranth were subjected to blind

testing. In this testing format, the samples were

coded and given to the technician who had no knowledge

of what they contained. The technician collected and

analyzed all data. Since amaranth in solution was

clearly red, it was not included in the blind battery

of compounds to minimize potential bias. The pH of

all test compounds tested was 7.0 to 7.5. Embryos were

cultured at 24 ± 10 C throughout the test.

Solutions were renewed every 24 h of the four d

tests and any dead animals removed. At 96 h,

surviving embryos were fixed in 3.0% (w/v) formalin.

The number of dead, and malformed survivors, as well

as developmental stage15 were determined using a

dissecting microscope.

For each test, probit analysis16 was used to

determine the 96-h LC50 (median lethal concentration),

96-h EC5O (concentration inducing gross terata in 50%

0
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of the surviving embryos), and 95% percent confidence

intervals. A Teratogenic Index [TI=LC50/EC5O

(malformation)), useful in assessing levels of

teratogenic potential3- 5 ,9-13 , was also determined.

Head-tail length (growth) was measured using an

IBM-compatible computer equipped with digitizing

software (Jandel Scientific, torte Madera, CA). For

each test, the minimum concentration to inhibit growth

(MCIG) was calculated using the t-Test for grouped

observations (p<0.05).

RESULTS

Results from the FETAX tests are presented in

Table 1. It was not possible to determine and EC50 for

the second pseudoephedrine test although the value was

between 200 and 250 mg/l. This would yield a TI of

approximately 1.9 for this test. Representative

concentration-response and growth-inhibition curves

for the five compounds are illustrated in Figures 1

and 2, respectively. In this investigation, the FETAX

solution control mortality and malformation rates

were 111 of 1500 (7.4%) and 116 of the 1389 survivors

(8.4%), respectively. Acceptable rates of control

mortality and malformation are generally <10%.

Malformations induced by amaranth were limited

to miscoiling of the gut and pericardial edema at

0
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FIGURE 1. Representative
concentration-response
curves and respective
Teratogenic Index values
for the five compounds
tested with FETAX.
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concentrations >2500 mg/l and 4500 mg/l, respectively.

Concentrations >6000 mg/i caused miscoiling of the

gut, craniofacial defects and mouth deformities.

Muscular kinking was observed at concentrations

exceeding 9000 mg/l. Test #1 and #2 were conducted

without antibiotics. Addition of the penicillin-

streptomycin mixture did not affect the types or the

severity of the induced malformations.

At concentrations >200 mg/l, pseudoephedrine

produced miscoiling of the gut and skeletal kinking.

Exposure to concentrations >250 mg/ml induced

pericardial and craniofacial edema, as well as

microophthalmia. Abnormal development of the mouth

and blistering of the dorsal fin were noted at

concentrations exceeding 280 mg/l.

Methotrexate produced miscoiling of the gut and

microophthalmia above 20 mg/l. Exposure to

concentrations >30 mg/l induced microencephaly and

hydroencephaly, as well.

Primary malformations aLsociated with exposure to

>30 mg/i 5-azacytidine were miscoiling of the gut and

incomplete development of the mouth. Concentrations

>70 mg/l produced muscular kinking, visceral edema,

and microencephaly. Microophthalmia and craniofacial

defects were also observed above 100 mg/l.

0
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DISCUSSION

In FETAX, teratogenic potential is determined by

the TI values, embryo growth, and the type and

severity of induced malformations. Generally, TI

values <1.5 indicate low teratogenic potential and

higher values signify an increase in the potential

hazard. 3-5,9-11 Higher TIs indicate a larger

separation of the mortality and malformation

dose-response curves, and therefore, a greater

potential for the exposed embryos to be deformed in

the absence of lethality.4 Amaranth and aspartame

possess low TI values, thus showing little separation

in mortality and malformation curves presented as

Figure 1. Pseudoephedrine, methotrexate, and

5-azacytidine represent compounds with increasing

separation in the curves, and thus increasing TI

values. However, it is also necessary to consider the

types and severity of terata, since all chemicals are

potential teratogens if administered in appropriate

doses at sensitive stages of deveiopment.
17

Compounds with TI values <1.5 may still pose a hazard

to developing organisms, possibly as embryotoxins.

The MCIG (expressed as % compound LC50) has also

proven useful in assessing developmental toxicity.
3-

5,11 Dawson et al.5 suggest that compounds possessing

0
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significant teratogenic potential generally inhibit

growth at concentrations <30% of the respective LC50

values. Both 5-azacytidine and methotrexate inhibited

growth at <30% of the LC50, whereas pseudoephedrine,

aspartame, and amaranth caused inhibition between 38%

and 150% of each particular LC50. In addition, rates

of growth inhibition (i.e. slope) and the overall

reduction in embryo growth increase with the TI value.

Growth-inhibition curves presented as Figure 2 reflect

this phenomenon.

Evaluation based on this method suggest that

methotrexate, 5-azacytidine, and, possibly,

pseudoephedrine have the potential to be teratogenic.

Amaranth and aspartame produced low TI values, had no

profound effect on embryo growth, and induced

relatively few a. 3malies only at high concentrations.

Thus, amaranth or aspartame do not pose a teratogenic

hazard.

Results from this study are in agreement with

current mammalian literature, with the possible

exception of pseudoephedrine. Although surveys18 have

reported cases of malformed human infants born to

mothers using decongestants containing

pseudoephedrine, results are clouded by the

simultaneous administration of multiple other drugs,
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including foam contraceptives. Thus, pseudoephedrine

has not been conclusively shown to be a human

teratogen.19 ,20 We are currently testing

pseudoephedrine with metabolic activation system
9 1 1

to determine if the positive results of the in vitro

assay may be attributed to the lack of maternal

metabolism.

Neither amaranth2 1- 23 nor aspartame24- 26 has

been shown to be teratogenic in mammals or humans.

Malformations observed in mammalian systems with

5-azacytidine and methotrexate are similar to those

5 observed in Xenopus in this study. 5-azacytidine has

been shown to induce exencephaly, anencephaly, and eye

defects in both rat 27 and mouse28 fetuses. Brain

malformations have also been observed in rats

subjected to azaguanine.29 The concentration-response

data for 5-azacytidine proved to be somewhat variable

and it was not possible to generate an EC50(malforma-

tion). However, all tests performed indicated that

5-azacytidirie was a strong teratogen. Methotrexate

exposure caused skeletal, palate, and brain anomalies

in mammals.30-31 Defects observed in humans include

absence of frontal bones and digits, as well as,

premature cranio-synostosis.
32

0
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Similarities in the results of aspartame tests

conducted with and without penicillin-streptomycin

suggested that no potentiation or antagonism of

developmental toxicity was caused by antibiotic

supplementation.

Results of FETAX tests with these five compounds

indicated 5-azacytidine and methotrexate have strong

teratogenic potential. Pseudoephedrine has the

potential to be teratogenic, but results were not as

convincing as those for 5-azacytidine and

methotrexate. Amaranth and aspartame displayed little

or no teratogenic potential. Including this study,

FETAX tests in this laboratory on 28 compounds have

produced six false results (79%).3- 5 ,33 With the

exogenous metabolic activation system, FETAX has

correctly predicted 12 of 13 compounds tested (92%)
9 -

13, for a combined predictive accuracy of 89%.

Results obtained warrant further evaluation of FETAX

for the rapid screening of developmental toxicants.
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The large number of water-insoluble chemicals requiring toxicity testing necessitates the
development, validation and use of chemical cosolvents. Carrier solvents (cusolvents),
such as dimethylsulfoxide (DMSO), acetone, and triethylene glycol (TG), are commonly
used to solubilize hvdrophobic compounds (Yalkowsky 1981). However, the use of
solvents with in vX= bioassays may alter the developmental toxicity of test materials.
Solvents interact with other compounds to change rates of reactions, membrane poten-
tials, mutagenic activity, and many other cell processes (Coetzee and Ritchie 1969;
Nemethy 1986; Demey et al. 1983; Gichner and Veleminsky 1987). For this reason

* solvent-compound interaction studies were performed to determine if tho developmental
toxicity of test materials was altered.

The Frog Embryo Teratogenesis Assay-xenopus (FETAX), formally described by Dumont
et al. (1983), is a 96-hr bioassay which determines relative teratogenic hazard. Several
labs have evaluated compounds as well as environmental mixtures with FETAX
(Courchesne and Bantle 1985; Dawson and Bantle 1987a; Dumont et al. 1983; Sabourin
and Faulk 1987; Dawson et al. 1985). Fort et al. (1989) have also developed and evaluated
an exogenous metabolic activation system for FETAX. The purpose of these experiments
was to determine whether carrier solvents interacted with the teratogens t-retinoic acid and
6-aminonicotinamide to affect survival, development and growth of Xenopus laevis
embryos.

MATERIALS AND METHODS

Animal care and breeding were performed according to Bantle at al. (1989). FETAX
solution (Dawson and Bantle 1987b) which is composed of 625 mg NaCI, 96 mg NaHCO 3,
30 mg KCI, 15 mg CaCI 2, 60 mg CaSO 4*2H2O, and 75 mg MgSO 4 per L was used as the
diluent for all experiments. For each concentration-response test, two groups of 25
embryos each were placed in 60 X 15 mm glass Petri dishes containing a total of 10 mL of
solution. Four groups of 25 embryos each were used as controls for each test. Each
experiment followed standard methods of test operation and embryo evaluation according
to Bantle et al. (1989).

. One range and three definitive experiments determined the 96-hr LC50, 96-hr EC50
(malformation), Teratoger'ic Index (TI) (96-hr LC50/ 96-hr EC50) and Minimum Concen-
tration to Inhibit Growth (MCIG) for three solvents and two teratogens. The solvents were
dimethylsulfoxide (DMSO) (CAS# 67-68-5; Sigma Chemical Co., St. Louis, Missouri)

Send correspondence to Dr. J.A. Bantle at address above.



acetone (CAS# 67-64-1; Fisher Scientific, Houston, Texas), and triethylene glycol (TG)
(CAS# 112-27-6; Aldrich Chemical Co., Milwaukee, Wisconsin). The teratogens obtained
from Sigma were trans-retinoic acid (RA) (CAS# 302-79-4) and 6-aminonicotinamide (6-
AN) (CAS# 329-89-5). The 96-hr LC25 and LCSO, and 96-hr EC25 and ECSO (malforma-
tion) were determined using the Litchfleld-Wilcoxon probit analysis computer program part
of the the Manual of Pharmacologic Calculations (Tallarida and Murray 1980). Dunnett's
test was used to determine the MCIG and No Observable Effect Concentrations (NOEC).
This data was used in determining test concentrations for the solvent-compound interac-
tion study.

Two concentrations for each solvent and test material were selected. The-two solvent
concentrations were the NOEC and 96-hr EC25. The NOEC Is the highest cosolvent
concentration used in FETAX. The 96-hr EC25 was chosen in order to positively identify
any interactions that might be taking place that were not observable at lower concentra-
tions. The 6-AN and RA concentrations were the 96-hr EC25 and 96-hr LC25. These
concentrations allowed for examination of the effects on both malformation and mortality.
Both 6-AN and RA were soluble at these concentrations without the solvents.

The interaction experiments contained Individual treatments for all concentrations and the
interaction treatments for one solvent and one teratogen per experiment. The nine
treatments were: 1) FETAX solution controls, 2) EC25 of teratogen, 3) LC25 of teratogen,
4) NOEC level of solvent, 5) EC25 of solvent, 6) EC25 of teratogen & NOEC of solvent, 7)
EC25 of teratogen & EC25 of solvent, 8) LC25 of teratogen & NOEC of solvent, and 9)
LC25 of teratogen & EC25 of solvent. All experiments contained four replicates of 25
embryos each per treatment. The analysis of solvent-teratogen Interactions represented
three pooled experiments using three different breeding pairs. Every 24 hrs dead embryos
were removed and solutions changed. After 96 hrs of exposure, embryos were
anesthetized with 3-Aminobenzoic Acid Ethyl Ester (MS-222) (CAS# El -052-1; Sigma) and
the number malformed recorded. The larvae were then killed with 0.7% (w/v) formalin so
that head-tad length (growth) could be measured.

ANOVA was used to determine differences from theoretical additive values for mortality,
malformation and growth according to Steel and Torrie (1980). Values were determined
by partitioning the sum of squares for the interactions on mortality and malformation using
the statisticaj software systat (Wilkinson 1989). Growth interactions were determined in
the same manner with the Statistical Analysis System (SAS). Effects on the TI were
inferred from the shifts of the mortality and malformation curves.

RESULTS AND DISCUSSION

Compounds were considered to pose teratogenic hazard when the TI > 1.5 (Bantle et al.
1989; Dawson et al. 1989). The Ti represents the separation between the mortality and
malformation curves. If a synergistic or antagonistic response altered a TI, false
conclusions regarding teratogenic hazard could result.

Preliminary work revealed that all solvents caused effects at 2.0% (v/v) concentrations.
Acetone had the highest TI of the solvents followed by DMSO and then TG (Table 1).
NOEC levels for DMSO, Acetone and TG were 1% (v/v) for malformation, 0.9% (v/v) for
malformation, and 1.7% (v/v) for growth, respectively. The 96-hr EC25 (malformation) for
DMSO, Acetone and TG were 1.2% (v/v), 1.0% (v/v), and 2.0% (v/v).

Both 6-AN and RA caused teratogenic effects in FETAX and 6-AN had a much higher Ti
* (Table 1). Mammalian literature supports the classification of RA and 6-AN as teratogens

(Schardein et al. 1967; Chamberlain 1966; Kochhar 1975; Lammer et al. 1985). The 96-hr



EC25 (malformation), and 96-hr LC25 for each teratogen were as follows: Retlnolc acid
was 0.02 mg/L and 0.25 mg/L; 6-amlnonicotlnamlde was 2 mg/L and 2500 mg/L

*Table 1. 96-hr LCSO, 96-hr ECSO(malformation), Teratogenic Index
(TI)a, and Minimum Concentratien to Inhibit Growth (MCIG) for
Dimethylsulfoxide (DMSO), Acetone, Triethylene glycol (TG),
Retinoic Acid (RA) and 6-aminonicotinamide (6-AN).

Compound 96-hr LC50 96hr ECSO TI MCIG
Trial

DMSOb 1 1.81(I.75-I.87c) 1.4 (1.32-1.48) 1.3 1.3
2 1.77(1.61-1.95) 1.29(1.25-1.33) 1.4 1.7
3 1.86(1.4-2.3) 1.24(0.83-1.8) 1.5 1.5

Acetoneb 1 2.16(2.07-2.25) 1.4 (1.29-1.43) 1.6 1.8
2 2.49(2.10-2.95) 1.4 (1.04-1.36) 1.8 1.5
3 1.92(1.90-2.14) 1.06(0.91-1.17) 1.83 1.0

TGb 1 2.4 (2.02-2.85) 2.0 (2.01-2.13) 1.2 1.8
2 2.75(2.70-2.82) 2.4 (2.37-2.45) 1.1 1.8
3 2.19(2.19-2.32) 2.05(1.99-2.11) 1.07 1.7

PAd  1 0.25(0.22-0.28) 0.024(0.018-0.031) 10.4 0.06
2 0.50(0.46-0.61) 0.044(0.032-0.060) 11.4 0.08

6.ANd e 1 3190(3000 3400) 5.3(2.5-7.5) 602 100
2 2950(2800-3100) 5.7(5.3-6.2) 518 NA

= TI = 96-hr LC5O/96-hr EC50 (malformation).
b Concentrations expressed as % (v/v).
c 95% confidence limits.
d Concentrations expressed as mg/L.
e Data from Dawson et al. (1989).

Tables 2 and 3 show the treatment effects for each of the six solvent interaction experi-
ments. Control malformation and mortality generally were less than 8% except for two
experiments (Tables 2 and 3). Table 3 revealed that 2500 mg/L 6-AN was not the LC25
but was actually closer to the LCSO. The reason for these discrepancies may be attributed
to an antibiotic used by Dawson et al. (1989) to control bacterial growth and in the present
study no antibiotic treatments were used. Because the values for solvent and
compounds often varied due to different breeding pairs, the values were kept discrete for
each experiment. For example, DMSO at 1.2% (v/v) should have caused 25 percent
malformation. The retinoic acid experiment (Table 2) showed 20.9% malformation for
1.2% (v/v) DMSO, and the 6-aminonicotinamide (Table 3) showed 28.3% malformation for
1.2% (v/v) DMSO.

Effects on length were not different from additive values at p = 0.05. Therefore, none of
the cosolvents affected embryo growth in a synergistic or antagonistic manner.

The interaction results for RA combined with DMSO (Figure 1) showed that mortality
Increased significantly at p = 0.001. DMSO at 1% (v/v) and 1.2% (v/v) concentrations
with 0.25 mg/L RA increased mortality by 34.3% and 47.3%, respectively. Because



malformation of DMSO with RA was not significantly different at either concentration, the
synergistic effect on mortality should cause the mortality curve to shift to the left (reducing
the 96-hr LC50). DMS0 addition would reduce the 11 for RA.

. Table 2. Interactive effects on mortality, malformation, and growth Inhibition caused by
the solvents and retinoic acid (RA).

TreatMent a  Mortality Mal forwtl on ean Length
No. () No. () Wm)

FETAX soln.
Control 11 (3.7 1.43b

)  12 (4.2 ± 0.77) 9.61 ± 0.064
ONSOC RAd
1.0% 11 (3.7 ± 0.77) 29 (10.1 ± 1.53) 9.44 ± 0.092
1.2% 22 (7.3 + 1.76) 58 (20.9 ± 0.94) 9.17 ± 0.064

0.02 18 (6.0 . 1.15) 65 (23.0 ± 3.58) 9.58 ± 0.081
0.25 64 (21.3 ± 6.86) 236 (100.0) 7.06 ± 0.381

1.0% 0.02 13 (4.3 ± 1.25) 104 (36.3 ± 6.06) 9.15 ± 0.098
1.2% 0.02 15 (5.0 ± 1.31) 111 (38.9 ± 3.61) 9.10 + 0.069
1.0% 0.25 167 (55.7 + 7.95) 133 (100.0) 6.55 ± 0.305
1.2% 0.25 217 (72.3 ± 9.84) 83 (100.0) 6.25 ± 0.460

FETAX soln.
Control 6 (2.0 ± 0.78) 14 (4.7 ± 1.54) 9.54 ± 0.046

Acetonec RAd
0.9% 9 (3.0 ± 1.22) 31 (10.6 ± 1.62) 9.04 ± 0.061
1.0% 13 (4.3 ± 1.25) 65 (22.7 ± 1.12) 8.94 + 0.087

0.02 12 (4.0 ± 1.21) 93 (32.2 ± 5.49) 9.17 ± 0.087
0.25 87 (29.0 ± 7.45) 213 (100.0) 6.33 ± 0.352

0.9% 0.02 17 (5.7 ± 1.04) 145 (51.1 ± 5.18) 8.89 + 0.066
1.0% 0.02 18 (6.0 + 2.25) 251 (89.2 + 4.94) 8.61 + 0.098
0.9% 0.25 132 (44.0 ± 9.86) 168 (100.0) 6.20 + 0.211
1.0% 0.25 120 (40.0 + 11.79) 180 (100.0) 6.11 + 0.140

FETAX soln.

Control 23 (7.7 ± 2.9) 22 (7.9 t 0.67) 9.36 ± 0.061
TGo RAd

1.7% 35 (11.7 + 2.53) 58 (22.1 t 2.68) 8.28 + 0.144
2.0% 27 (9.0 + 2.04) 94 (34.5 + 2.76) 8.31 + 0.234

0.02 20 (6.7 ± 2.22) 68 (24.5 + 1.62) 9.17 + 0.061
0.25 54 (18.0 + 4.89) 246 (100.0) 7.32 + 0.237

1.7% 0.02 26 (8.7 + 2.78) 100 (36.4 + 3.72) 8.43 + 0.199
2.0% 0.02 25 (8.3 + 2.78) 131 (47.7 + 4.76) 8.32 _ 0.210
1.7% 0.25 115 (38.3 + 9.99) 185 (100.0) 6.20 + 0.390
2.0% 0.25 139 (46.3 ±t 11.11) 161 (100.0) 6.48 + 0.498

a N for all treatments equaled 300 embryos. 12 dishes of 25 embryos each.
b Standard Error
c Concentrations are v/v%.
d Concentrations are mg/L

TG - Triethylene Glycol
DMSO a Oimethylsulfoxide

* RA in the presence of acetone (Figure 1) significantly increased malformation by 38.5%



with 1% (v/v) acetone and 0.02 mg/L RA while not changing the mortality at 1% acetone
and 0.25 mg/L RA. The synergistic shift of the malformation concentration-
response curve to the left (reducing the 96-hr EC5O) would Increase the TI with
acetone at the 1% (v/v) level. There were no significant effects at the 0.9% (v/v) level
(NOEC) of acetone.

Table 3. Interactive effects on mortality, malformation and growth inhibition caused by
the solvents and 6-aminonicotlnamide (6-AN).

Treatmnt Nortality Mel formtion Nn Length
No. () No. () (M)

FETAX soln.
Control 12 (4.0 ± 1.39b) 26 (8.9 ± 2.10) 9.51 ± 0.115

OMSOc 6-ANd
1.0% 14 (4.7 ± 1.69) 43 (15.0 ± 1.70) 9.55 ± 0.124

1.2% 25 (8.3 ± 2.97) 78 (28.3 ± 3.11) 9.60 ± 0.144

2.0 12 (4.0 ± 1.30) 71 (24.8 ± 1.80) 9.77 + 0.064

2500 150 (50.0 ± 5.34) 150 (100.0) 6.70 ± 0.063

1.0% 2.0 18 (6.0 . 1.94) 94 (33.4 ± 4.41) 9.71 + 0.167
1.2% 2.0 19 (6.3 + 2.43) 132 (46.9 ± 6.84) 9.56 ± 0.124

1.0% 2500 300(100.0)

1.2% 2500 300(100.0)

FETAX soln.
Control 7 (2.3 ± 1.25) 15 (5.1 ± 0.74) 9.72 ± 0.084

Acetone0 6-ANd
0.9% 11 (3.7 + 1.04) 43 ('5.0 ± 1.26) 9.43 ± 0.072

1.0% 20 (6.7 ± 2.16) 74 (26.6 ± 1.61) 9.17 + 0.061
2.0 10 (3.3 + 1.46) 70 (24.2 ± 1.23) 9.76 ± 0.075

2500 167 (55.7 + 8.76) 133 (100.0) 6.06 ± 0.182

0.9% 2.0 25 (8.3 ± 2.89) 75 (27.2 + 1.06) 9.29 ±0.098

1.0% 2500 11 (3.7 + 1.04) 135 (46.8 ±2.87) 9.10_+ 0.058

0.9% 2.0 288 (96.0 + 1.21) 12 (100.0) 6.08 + 0.084

1.0% 2500 29,. (98.0 + 1.15) 6 (100.0) 5.84 + 0.055

FETAX soln.
Control 29 (9.7 + 2.97) 17 (6.5 + 1.45) 9.44 + 0.136

TGc 6-ANd

1.7% 52 (17.3 ± 6.35) .40 (16.0 ±_ 2.42) 9.00 ± 0.156
2.0% 57 (19.0 + 6.44) 113 (46.6 + 4.11) 8.60 ± 0.202

2.0 26 (8.7 + 3.18) 57 (20.9 + 1.36) 9.50 + 0.181

2500 209 (69.7 + 9.98) 91 (100.0) 6.69 ± 0.147
1.7% 2.0 64 (21.3 + 6.27) 168 (71.4 + 7.47) 8.60 ± 0.240
2.0% 2.0 33 (11.0 + 5.10) 218 (81.6 ± 4.14) 8.40 + 0.240

1.7% 2500 299 (99.7 + 0.33) 1 (100.0) 7.74

2.0% 2500 300(100.0)

a N for all treatments equaled 300 embryos, 12 dishes of 25 embryos per dish.

b Standard Error
C Concentrations expressed as % (v/v).

d Concentrations expressed as mg/L.

Ta Triethylene Glycol

OMSO - Dimethylsulfoxide
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Figure 1. Cosolvent-induced synergism or antagonism in FETAX mortality and malforma-
tion endpoints for retinoic acid (RA).

Figure 2. Cosolvent-induced synergism or antagonism in FETAX mortality and malforma-
tion endpoints for 6-aminonicotinamide (6-AN).

Zero value represents the expected additive effect for the solvent and test compound.
Error bars are the standard error of the actual mean effect for the solvent and test
compound. * = significantly different at the p=0.05 and ** = significantly different at
p=0.001. Solvents are Dimethyl Sulfoxide (DMSO), Acetone (AC) and Triethylene Glycol
(TG). Significant Interaction accounts for variation between experiments and is why two
close values are significantly different.

TG with RA had effects on both malformation and mortality (Figure 1). Malformation with
* 2.0% (v/v) TG and 0.02 mg/L RA reduced the additive value by 7% at p = 0.059. Mortality

rates of 1.7% (v/v) TG and 2.0% (v/v) TG with 0.25 mg/L RA increased the additive values



by 12.3% and 23% respectively. The antagonistic shift of the malformation curve to the
right (increasing the 96-hr ECS0) and the synergistic shift of the mortality curve to the left
(decreasing 96-hr LCS0) would produce a reduced T1I.

* DMSO combined with 6-AN synergistically increased mortalit, rates at both levels of the
solvent at p = 0.001 (Figure 2). The increase in mortality fir ,% (v/v) DMSO and 1.2%
(v/v) with 2500 mg/L 6-AN was 49.3% and 45.7%, respectively. The mortality curve would
shift to the left, decreasing the 96-hr LC50 and reducing the T1I.

Acetone tested with 6-AN had significant effects at p < = 0.05 for both malformation and
mortality (Figure 2). The malformation decreased with 0.9% (v/v) acetone and 2 mg/L 6-
AN by 6.8%. However, the 1.0% (v/v) acetone with 2 mg/L 6-AN increased malformation
by only 1.2%. The mortality caused by acetone with 6-AN increased for 0.9% (v/v)
acetone and 1% (v/v) acetone with 2500 mg/I 6-AN by 39% and 38% respectively.
Because the synergistic increase in mortality (reducing the 96-hr LC50) outweighed the
antagonistic effects on malformation, the TI should be reduced.

TG in the presence of 6-AN significantly increased both malformation and mortality at p
< =0.05 (Figure 2). TG at 1.7% (v/v) and 2% (v/v) combined with 2 mg/L 6-AN increased
malformation by 34.5% and 14.2% respectively. Mortality increased for 1.7% (v/v) TG and
2.0% (v/v) with 2500 mg/L 6-AN by 12.7% and 11.3% respectively. Both mortality and
malformation were both Increased by approximately (reducing both the 96-hr LC50 and
96-hr EC50) the same amount thus TI should not change appreciably.

Malformation caused by all Interaction treatments did not produce new or different types of
malformation. All malformations were the same type as seen in the individual control
treatments of each teratogen and solvent. The differences were in the magnitude of the

* response and number of the malformations.

The solvents tested generally caused synergistic effects with RA or 6-AN in FETAX.
Mortality exhibited the greatest response to combined treatments while malformation was
less affected and growth was unaffected. Interestingly, Malformation and growth inhibition
are more sensitive endpoints than mortality. These results point out the need to consider
the possibility of interactions for each endpoint separately and the necessity of using
minimal solvent concentration. These interactions would probably cause problems with all
in vitro aquatic bioassays. Therefore other methods of solubilizing insoluble material
needs investigation.
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ASSESSING THE EFFICACY OF AN AROCLOR 1254-INDUCED
EXOGENOUS METABOLIC ACTIVATION SYSTEM FOR

FETAX
1

Douglas J. Fort , James R. Rayburn, Donna J. DeYoung,
and John A. Bantle

Department of Zoology, Oklahoma Ctate University
Stillwater, OK 74078

ABSTRACT

The developmental toxicity of N-nitrosodimethyl-
amine (NDMA) and trichloroethylene (TCE) was assessed
with Frog Embryo Teratogenesis Assay: Xenopus (FETAX).
Late Xenopus laevis blastulae were exposed to NDMA and
TCE for 96-r in two separate static-renewal tests with
and without the presence of two differently induced
exogenous metabolic activation systems (MAS). The MAS
consisted of Aroclor 1254-induced (Aroclor 1254 MAS)
and a post-isolation mixture (mixed MAS) of Aroclor
1254- and isoniazid-induced rat liver microsomes.
Addition of the mixed MAS increased the Teratogenic
:ndex (TILC50/EC0 (malformation)] of NDMA and TCE
nearly 2.1- and 1.7-fold, respectively. Inclusion of
the Aroclor 1254 MAS did not alter the developmental
:oxici:y of either compound. Based on TI values,
embryo growth, and types and severity of induced
malformations, both NDMA and TCE were developmentally
coxic. Use of post-microsome isolation mixtures from
differentially induced ra: livers increased the
efficacy of the exogenous MAS.

INTRODUCTICN

Aroclor 1254 is an effective broad-spectrum
1

inducer of cytochrome P-450 (P-450) isozymes. Thus,

i
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Aroclor 1254-induced liver microsomes are capable of

metabolizing a diverse array of xenobiotics. Several
2-4

in vitro assay systems effectively utilize Aroclor

1254-induced exogenous metabolic activation systems

(MAS), including the Frog Embryo Teratogenesis Assay
5

Xenocus (FETAX). However, decreased levels of

putative P-450 isozymes including isoniazid-inducible

P-450j have been found following administra-
6,7

tion of Aroclor 1254. Thus, an Aroclor 1254-

induced MAS may prove to be counter-productive for

compounds metabolized by repressed isozymes.

FETAX is a whole-embryo, static-renewal bioassay

designed to detect potential developmental toxicants in
8

the environment and the workplace. To increase

zredictablity of FETAX, an exogenous MAS consisting of

Aroclor 1254-induced rat liver microsomes was
3 9-!1

developed and evaluated

In :his report, we evaluate the efficacy of an

A:oclcr 124-induced MAS and a post-isolation mixture

: ic:zcsomes induced by Aroclor 1254 and isoniazid for

TAX by assessing the developmental toxicity of two

:ompounds thought to be metabolized by P-450j, the

Sccar clnogenic alkylat-ig agent N-nitrosodimethyiamine

:NDMA) aBd trichloroethyilane (TCE).



MATERIALS AND METHODS

Microsome Isolation

Rat liver microsomes were isolated as described
*5

previously. Adult male Sprague-Dawley rats (150 g.)

were treated with either Aroclor 1254 or isoniazid.

Aroclor 1254 (500 mg/Kg) in corn oil was injected i.p.
12

5 d prior to microsome preparation. Isoniazid (0.1%

w/v, pH 7.4) was administered via drinking water for 10
12

consecutive d prior to microsome isolation. Rats

were fasted 24 h prior to microsome isolation.

Protein content was determined by the method of
13

Bradford (BioRad, Richmond, CA). Cytochrome P-450

activity was inferred by the measurement of

formaldehyde generated from the N-demethylation of
14

aminopyrine and NDMA under standard assayO 6,15

conditions. Units are expressed as uM formaldehyde

generated/min.

Post-microsome isolation mixtures of Aroclor 1254-

induced and INH-induced microsomes (mixed MAS) were

prepared by aliquotting equal activities of aminopyrine

N-demethylase (Aroclor 1254-induced preparation) and

NDMA (isoniazid-induced preparation) into cryovials and
16

snap freezing in liquid nitrogen. Several aliquots

of mic:somes were chemically reduced with dithionite

and pretzeated with carbon monoxide (CO-MAS) to
17

selectively inactivate P-450 activity.
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Animal Care and Breedina

Xenonus adult care, breeding, and embryo

collection were performed as described by Dawson and

Bantle.

FETAX Protocol

For experiments conducted without the MAS, groups

of 20 embryos were placed in 60 mm covered plastic

Petri dishes with varying concentrations of the

appropriate test compound. NDMA (Sigma, St. Louis, MO)

and TCE (Aldrich, Milwaukee, WI) were dissolved in
18

appropriate volumes of FETAX solution. For each

compound, 12-18 concentrations were tested with

replicates. Four separate dishes of 20 embryos were

exposed -o FETAX solution alone and designated FETAX

solution controls. Each treatment dish contained a

-=tal of 3 ml of solution.

Tzes:s with the MAS were also conducted in

d'aiica -= with 20 embryos per replicate concentration.

7ach Arclor 1254 MAS ac:-vated treatment received 0.04
5

U'disn zf aminopyrine N-demethylase activity. Mixed

MAS activated treatments received 0.04 U of aminopyrine

:-demetnylase and NDMA :N-demethylase activity per dish.

Eacn ac-ivated treatmen- received an NADPH generating

system and a penicillin-streptomycin mixture to control
5

zaczeriai growth. Controls including FETAX solution,

eacn AS, CO-MAS + toxicant (negative control),



7,9.
cyclophosphamide (FETAX reference MAS proteratogen
11

and acetylhydrazide (additional mixed MAS positive
7

control ), and unactivated toxicant were tested

concurrently with each experiment.

For each compound, one range-finding and two

definitive dose-response assays were conducted with and

without the MAS. The pH of all stock solutions was 7.0.
0

Embryos were cultured at 23+1 C. All solutions were

renewed every 24 h. Dead embryos were removed at this

time. Following 96-h of exposure, surviving embryos

were fixed in 0.7% formalin (pH 7.0). The number of
19

live malformed larvae and the stage of development

were ascertained using a dissecting microscope.

Data Analvsis

96-h median lethal concentrations (LCSO) and the

concentrations inducing gross terata in 50% of the

surviving larvae (EC5O) along with respective 95%

confidence limits were determined using Litchfield-
20

.Wilcoxon probit analysis. A Teratogenic Index

T-6=LCS/EC0,. SO) was used as a method of assessing
5,3-11,21

teratogenic potential. Head-tail length of

surviving embryos was measured as an index of embryo

growth. Minimum concentrations to inhibit growth

(MCIG) were determined with the t-Test (p<0.05).

RESULTS

.n this study, FETAX solution control embryo



mortality and malformation rates were <2.0% and <5%,

respectively. Mortality and malformation rates for

each MAS control were <4% and <9%, respectively.

Acceptable rates of FETAX solution and MAS control

mortality and malformation are generally 10%. No less

than 86% of those embryos subjected to 4.0 mg/ml

activated cyclophosphamide and either MAS died.

Survivors of the previous treatments were severely

deformed. Exposure of embryos to 3.0 mg/ml activated

acetylhydrazide and the mixed MAS produced mortality

and malformation rates >43% and 100%, respectively.

Results from tests performed with NDMA are

presented in Table 1. Malformations induced by

unactivated and Aroclor 1254 MAS activated NDMA

included miscoiling of the gut at concentrations >1.6

mg/ml. Concentrations >2.0 mg/ml produced muscular

kinking and lateral body flexure. Visceral edema was

ocserved in concentrations >3.0 mg/ml. Mixed MAS

ac:ivated N1DMA concentrations >0.1 mg/mi produced

miscoiling of the gut and microophthalmia. Exposure to

concent:raions >0.5 mg/ml caused blistering of the

dorsal fin, rupturing of :he pigment vessicle of the

eve, and SKeletal kinking. Severe hear: malformations

were also noted at concentrations >1.0 mg/ml.

Results from tests performed with TCE are shown in

Table 2. Terata induced by exposure to unactivated TCE

is



Table 1. oeveiopwtal toxicity of N-mitrosodibmthyIamine (NCM) in

Endpoint Trial Treatment

Unactivated Aroclor 1254 HAS Mixed MAS

LCSO (mg/m1) 1 3.5 2.6 1.6
(3.3-3.7) (2.5-2.7) (1.5-1.7)

2 3.2 2.8 1.4
(3.1-3.3) (2.7-3.0) (1.1-1.6)

E5O (mn/ml) 1 2.3 1.9 0.6
(2.2-2.4) (1.8-2.1) (0.3-0.9)

2 2.3 2.1 0.4
(2.2-2.5) (2.0-2.2) (0.2-0.7)

TI 1 1.S 1.4 2.7

2 1.4 1.3 3.5

MCIG (mg/ml) 1 1.5 1.0 0.3

2 1.2 NA 0.1

MCIG (I LCSO) 1 42.8 38.5 18.8

2 37.5 NA 7.1

1
.ecresents the results of two definitive dose-resconse exmeriments

wtrn and without eacn of the metabolic activation systems (MAS). Median
!et.a. (WC50) and median teratogenic (ECSO) concentrations were determined
by Litchfield-Wilcoxon crocit analysis with 95% confidence intervals in
parenthesis. Teratogenic indices were calculated by dividing the 96-h LCSO
by t.e 96-h ECSO (malformation). Minimum concentrations to inhibit growth
(MC:G) were determined by the t-test (p<0.05). NA - Not available due to
ccncentration range tested.



Table 2. Developmental toxicity of trichloroetiiylene (TCE) in FEX.

Endpoint Trial Treatment

Unactivated Arocior 1254 MAS Mixed MAS

LCSO (Ug/mi) 1 425.0 423.0 249.0
(375.0-473.0) (390.0-453.0) (219.0-284.0)

2 443.0 397.0 204.0
(382.0-514.0) (375.0-439.0) (147.0-256.0)

ESO (ug/ml) 1 34.0 45.0 13.0
(20.0-55.0) (41.0-50.0) (12.0-16.0)

2 37.0 27.0 9.0

(33.0-43.0) (21.0-32.0) (3.0-13.0)

TI 1 12.4 9.4 19.2

2 12.0 14.7 22.7

:CIG (ug/ml) 1 NA 29.0 11.0

2 Z9.0 37.0 7.0

MCIG (% LCSO) 1 NA 6.9 4.4

6.5 9.3 3.4

I
Pecresents the results of two definitive dose-response experiments

with and without each of the metabolic activation systems (MAS). Median
!etn3l (LCSO) and median teratogenic (ECS0) concentrations wpre determinrd
by Litchfield-Wilcoxon crcoit analysis with 95% confidence intcrvals in
parenthesis. Teratogenic :ndices were calculated by dividing the 96-h LC5O
ty te 96-h ECSO (malformation). Minimum concentrations to inhibit ;rcwtn
(MCIG) were determined by the t-test (p<0.05). ,A - Not available due to
the ccncentration range tested.



and Aroclor 1254-activated concentrations >15 ug/ml

were gut miscoiling and microophthalmia. Muscular

kinking and incomplete development of the mouth were

observed in concentrations >40 ug/ml. Concentrations

exceeding 300 ug/ml also caused severe hypognathia.

Mixed MAS-activated TCE concentrations >5 ug/ml

produced miscoiling of the gut and craniofacial

defects. Skeletal kinking, mal-development of the

heart, and hydroencephaly were noted in concentrations

>15 ug/ml. Concentrations >30 ug/ml also induced

blistering of the dorsal fin.

DISCUSSION

Results from this study suggest that the inclusion

of the mixed MAS increased the developmental toxicity

of both NDMA and TCE. However, the Aroclor 1254-

induced MAS itself had vi:tually no effect on the

developmental toxicity of either compound. In FETAX,

assessment of teratogenic potential is based on TI

values, embryo growth, and types and severity of

induced malformations. Typically, TI values <1.5

indicate low teratogenic potential, whereas higher

values signify an increase in the potential teratogenic

hazard. However, embryo growth and Vypes and severtv

of induced anomalies are also evaluated since some

compounds with TI values <1.5 cause severe

malformations of major organ systems. Such compounds
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may still pose a developmental hazard, possibly as

embryotoxins. Compounds posing a high developmental

hazard in FETAX generally inhibit growth at21

concentrations <30% 
of the LC50o.

Based on these criteria, both. unactivated and

metabolically activated NDMA and TCE have the potential

to be teratogenic. However, only addition of the mixed

MAS enhanced the teratogenic potential of NMDA and TCE.
22,23

Although the carcinogenic , and to some
24,25

extent, blastomogenic effects of NDMA have been

thoroughly studied in mammals, only few reports have
26

described teratogenic effects. Bochert et al. found

acetoxymethyl-nitrosomehylamin (AcO-NDMA), an acetate

ester conjugate of the presumed reactive intermediate

of NDMA, induced malformations in NMRI mice following

administration on days 11 and 12 of gestation. Several
27-29

cell culture systems have determined NOMA to have

teratogenic potential. .n addition, ethanol

administ:ation to pregnant rats subjected to NDMA

significantly increased :he rate of fetal micronuclei
30

:ormation in rats. Thus, interactions between P-450j

inducing agents, such as, ethanol, pyrazole, and INH,

could also potentiate the developmental toxicity of

NOMA in mammals. The increased developmental toxicity

of activated NDMA may be due to direct exposure to DNA

alkylat;ing metabolites generated by the mixed MAS.

0



These results are consistent with the current

hypothesis that the teratogenicity of alkylating agents

is closely correlated to the rate of DNA alkylation in*26
embryonic cells. To this point, all of the

5
alkylating agents assayed with FETAX, including CP and

NDMA which required exogenous bioactivation, have

significant teratogenic potential.

Several studies evaluating the effect of
31-33 31,32

maternally inhaled TCE on rat , mouse , and
33

rabbit fetuses have found little evidence to support

a teratogenic or fetotoxic effect. However, more

recent investigations suggest inhaled TCE in rats may

cause a developmental delay resulting in abnormal
34,35

development of the skeleton and soft tissues.

Fetotoxicity has also been reported following oral
36

administration in the rat. Interestingly, TCE

produced a variety of anomalies in an avian model
37,38

system. Several of the TCE-induced malformations

including cardiac effects observed in the avian model

are simllar to those recorded with Xenonus.

Differences in the ability of TCE to induce terata in

mammals, birds, and frog embryos may be the result of

differences in embryonic susceptiboility across the

znvlogenetic range, route of exposure, as well as,

pnarmacological nature of the test system. The

majority of mammalian studies utilized pulmonary

S



exposure, whereas, the avian system and FETAX provide

direct embryonic exposure to toxicants. Positive

results in FETAX may, in fact, be due to highly

embryotoxic intermediates or metabolites of TCE. The

formation of a reactive epoxide in-termediate (TCE-
39

oxide) has been identified in rat, rabbit, and mouse.

Developmentally toxic parent compounds, short-lived

intermediates and metabolites exposed directly to

Xenopus embryos may actually be retained in the mother

in mammalian systems.

In order to evaluate human developmental

toxicants, in vitro test systems must possess the

ability to metabolize xenobiotics. Several compounds

besides NDMA, TCE, and isoniazid have been shown to be

metabolized by Aroclor-repressible P-450j including

pyrazole, imidizole, acetone, and ethanol. Thus, by

using mixtures of microsomes induced by a broad

spect:rum of P-450 inducing agents, we may increase the

:he overall efficacy of the MAS for FETAX.
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Altered Developmental Toxicity Caused by Three Carrier

Solvents.

J.R. Rayburn', D.J. Fort', D.J. DeYoung', R. McNew 2, and J.A.

Bantle 1

ABSTRACT

Many aquatic bioassays rely on chemical solvents to solubilize water-

insoluble test materials. Interactions between solvents and test materials

can lead to false positive or negative results. For this reason, tests for

interactions between solvents and test materials were performed. The

Frog Embryo Teratogenesis Assay-Xenopus (FETAX) was chosen be-

cause of its capacity to assess three different endpoints; mortality, mal-

formation, and embryo growth. Three solvents; dimethylsulfoxide

(DMSO), acetone, and triethylene glycol (TG) were tested with two tern-

togens; methyl-mercury chloride (MMC) and trichloroethylene (TCE).

DMSO potentiated the lethal effect of both teratogens but did not signifi-

cantly alter the rate of malformation. Acetone increased mortality for both

teratogens, but only increased MMC malformation greater than additive

effects. TG only increased mortality and malformation with TCE. There

were additive effects for growth for all solvents with the teratogens. The

carrier solvents caused interactions even at their No Observable Effect

Concentration (NOEC). Therefore, choice of carrier solvent should be

made with caution. This study shows that different results can occur

depending on the solvent used and that a difference in one endpoint

* does not necessarily change the other endpoints.
2



KEYWORDS:

Xenopus; FETAX; dimethylsulfoxide; acetone; triethylene glycol; methyl-

mercury chloride; trichioroethylene; carrier solvents; interactions; syner-

gism.
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INTRODUCTION

The large number of water-insoluble chemicals requiring toxicity test-

ing necessitates the development, validation and use of chemical cosol-

vents. Carrier solvents (cosolvents), such as dimethylsulfoxide (DMSO),

acetone, and triethylene glycol (TG), are commonly used to solubilize

hydrophobic compounds.' However, the use of solvents with in vitr

bioassays may alter the developmental toxicity of test materials. Solvents

interact with other compounds to change rates of reactions, membrane

potentials, mutaganic activity, and many other cell processes. 25 Using

microbial assays, Stratton has shown that solvents alter the toxicity of

pesticides.8 For this reason, solvent-compound interaction studies were

performed to determine if the developmental toxicity of test materials was

altered.

The Frog Embryo Teratogenesis Assay-Xenopus (FETAX), described

by Dumont et al., is a 96-hr bioassay which determines relative teratogen-

ic hazard. 7 Several labs have evaluated compounds as well as environ-

mental mixtures with FETAX. 7 2 An exogenous metabolic activation

system has been developed and evaluated for FETAX. 13"15 The pur-

pose of these experiments was to determine whether carrier solvents

interacted with the teratogens methylmercury chloride and trichloroethyl-

ene to affect survival, development and growth of Xenopus embryos.

04



EXPERIMENTAL

Chemicals

Solvents were dimethylsulfoxide (DMSO) (CAS# 67-68-5; Sigma

Chemical Co., St. Louis, MO) acetone (CAS# 67-64-1; Fisher Scientific,

Houston, TX), and triethylene glycol (TG) (CAS# 112-27-6; Aldrich

Chemical Co., Milwaukee, WI). Teratogens were methylmercury chloride

(MMC) (CAS# 115-09-3; Pfaltz & Bauer Inc., Waterbury, CT) and trichlo-

roethylene (TCE) (CAS# 79-01-6; Aldrich Chamical Co.).

Assay procedure

Animal care and breeding were performed according to Bantle et al.

(1989).16 FETAX solution, a reconstituted water medium, was used as

the diluent for all experiments. 17 For each concentration-response test,

two groups of 25 embryos each were placed in 60 X 15 mm glass Petri

dishes containing a total of 10 ml of solution. Four groups of 25 embryos

were exposed to FETAX solution and used as controls for each test.

Because of the possible binding of methylmercury to glass, the concen-

tration-response experiments were performed in 60 X 15 mm plastic Petri

dishes containing 20 embryos and a total of 8 ml of solution. Each exper-

iment followed standard methods of test operation and embryo evalua-

tion.1'6 18 Stock concentrations of MMC were also determined u-"ng the

cold vapor method for determining mercury concentration. 19

One range and three definitive experiments were performed to

determine the 96-hr LC50, 96-hr EC50 (malformation), Teratogenic Index

(TI) (96-hr LC50/ 96-hr EC50) and Minimum Concentration to Inhibit

is 5



Growth (MCIG) for three solvents and two teratogens. The 96-hr, LC25

and LC50, and 96-hr, EC25 and EC50 (malformation) were determined

using Litchfield-Wilcoxon probit analysis.20 Dunnett's test was used to

determine the No Observable Effect Concentrations (NOEC) for malfor-

mation and mortality. The MCIG was determined by comparing head-tail

lengths between control and experimetnal groups using the t-test for

grouped observations. These data were used in determining test con-

centrations for the solvent-compound interaction study. Malformations

were determined using a dissecting microscope to observe deviations

from normal development.2 1 Typical examples of malformations are

reduced head compared with rest of embryo, reduced eye, mouth,

misshapen head, eye, heart, mouth, tail fin, notocord, etc. The 96-hr

* embryo is transparent and most internal organs can be seen clearly.

Stunting (growth inhibition) is not considered a malformation. Growth is

assessed by measuring embryo head-tail lengths.

Interaction Study

Two concentrations for each solvent and test material were selected.

The two solvent concentrations were the NOEC and 96-hr EC25. The

NOEC is the highest possible cosolvent concentration that can be used in

FETAX. The 96-hr EC25 was chosen in order to positively identify any

interactions that might be taking place that were not observable at lower

concentrations. MMC and TCE concentrations were the 96-hr EC25 and

96-hr LC25. These concentrations allowed examination of effects on both

malformation and mortality. Both MMC and TCE were soluble at these

O6



concentrations without the solvents. The interaction experiments con-

tained individual treatments for all concentrations and the interaction

treatments for one solvent and one teratogen per experiment. The nine

treatments were: 1) FETAX solution controls, 2) EC25 of teratogen, 3)

LC25 of teratogen, 4) NOEC level of solvent, 5) EC25 of solvent, 6) EC25

of teratogen & NOEC of solvent, 7) EC25 of teratogen & EC25 of solvent,

8) LC25 of teratogen & NOEC of solvent, and 9) LC25 of teratogen &

EC25 of solvent. All interaction experiments contained four replicates of

25 embryos each per treatment with the exception of one MMC-DMSO

interaction study which contained 22 embryos per treatment. Results of

solvent-teratogen interaction studies represent three pooled experiments

using three different breeding pairs. Every 24 hrs, dead embryos were

removed and solutions changed. After 96 hrs of exposure, embryos were

anesthetized with 3-Aminobenzoic Acid Ethyl Ester (MS-222) (CAS# El -

(52-1; Sigma) and the number of malformed larvae recorded. Larvae

were then killed and fixed with 3.0% (w/v) formalin and head-tail length

(growth) measured.

ANOVA was used to determine differences from theoretical additive

values for mortality, malformation and growth. 22 Values were determined

by partitioning the sum of squares for the interactions on mortality and

malformation using the statistical software SYSTAT. 23 Growth interac-

tions were determined in the same manner with the Statistical Analysis

System (SAS). Effects on the TI were inferred from shifts of the mortality

and malformation curves. In the case of the LC25 of the teratogens,

7



100% malformations were obtained without solvent addition. Therefore,

only a decrease in malformation could be observed and not an increase.

For these experiments, decreases in malformation were not observed.

*



RESULTS

PRELIMINARY EXPERIMENTS

Carrier Solvent Results

Previous work indicated that all solvents caused effects at 2.0% (v/v)

concentrations. Acetone produced the highest TI value of the solvents

followed by DMSO and then TG. 24 NOEC levels for DMSO, acetone, and

TG for any endpoint were 1.0% (y/v), 0.9% (v/v), and 1.7% (v/v), respec-

tively. The 96-hr EC25 (malformation) for DMSO, acetone and TG were

1.2% (v/v), 1.0% (v/v), and 2.0% (v/v), respectively.

Developmental Toxicity of tha Teratogens

Both methylmercury chloride and trichloroethylene proved to have

teratogenic potential in FETAX. The lower TI obtained for MMC indicated

that it was less teratogenic than TCE (Table 1). The 96-hr EC25 and

LC25 for MMC were 0.015 mg/L and 0.088 mg/L. For TCE, they were

0.002% (v/v) and 0.035% (v/v). It was not possible to determine MCIG or

confidence limits for the first TCE test. However, acceptable confidence

limits were obtained in all other tests. The data from these experiments

was used to nredict the EC25 and LC25 for the teratogens. The estima-

tion of the EC25 for the three independant experiments for TCE ranged

from 19.5% to 27.5% and the estimation of the LC25 ranged from 25.7%

to 38.3% (Tables 5-7). Therefore, the estimates of EC25 and LC25 were

well within accepable limits. The mean MCIG for MMC was 0.038 mg/L

and 0.02% (v/v) for TCE.



INTERACTION EFFECTS CAUSED BY SOLVENTS

Control Results

Tables 2 though 7 show the pooled percentage results for all experi-

ments. Control mortality and malformation was equal to or below 10% for

all but three experiments and was never greater than 12%. Although the

control malformation and mortality varied from experiment to experiment,

final results were not affected because ANOVA takes into account control

risponses. Table 2 - Table 4 shows that mortality due to 0.088 mg/L

MMC ranged from 18.0% to 41.7%. Because of this variability, values

were kept discrete lor each solvent-teratogen interaction. These are the

percentages used to calculate the theoretical additive values. The per-

centages are the 12 replicate values averaged together, and the standard

error is the error of these 12 means.

Methylmercury Chloride Interactions

MMC combined with DMSO caused significant ( p 0.05 )interaction

only at 1.2% (v/v) DMSO and 0.088 mg/L MMC level (Figure 1). Mortality

was increased by 18% (6-35%; 95% confidence interval). In all cases,

the percent change refers to an increase or decrease compared to the

theoretical additive value. DMSO increased the mortality which should

decrease the 96-hr LC50 and did not significantly increase malformation.

Therefore, the 96-hr EC50(malformation) should remain the same with

DMSO. This would reduce the TI of MMC. One experiment contained 22

embryos per replicate due to a shortage of embryos, and is the reason
10



the total N per treatment is different. All experiments showed similar

results.

When MMC was tested with acetone there were significant interac-

tions observed for both mortality and malformation (Figure 1). MMC at

0.015 mg/L with 0.9% (v/v) and 1.0% (v/v) acetone increased malforma-

tion by 16.9% (10.9-23.8%; 95% confidence interval) and 28.6% (21.0-

36.9%; 95% confidence interval), respectively. MMC at 0.088 mg/L with

1.0% (v/v) acetone increased the mortality by 23.7% (10.8-40%; 95%

confidence interval ). Because the synergistic responses for malforma-

tion and mortality were approximately the same, acetone would change

the 96-hr LC50 and 96-hr EC50 (malformation) the same. The TI, there-

fore, should not change.

MMC combined with TG showed no significant interactions on

mortality or malformation (Figure 1). TG, therefore, would not change the

TI of MMC.

The TI would be expected to change for MMC only with DMSO. With

acetone, the interaction is an equal increase in mortality and malformation

over the expected additive value. This would increase the sensitivity of

the embryos to MMC when combined with acetone. Finally, when MMC

was tested with TG neither mortality or malformation were changed.

MMC growth was not changed from additive effects for any of the sol-

vents.



Trichloroethylene Interactions

Trichloroethylene combined with DMSO had significant ( p = 0.001

additive effects on mortality (Figure 2). Mortality for 0.035% (v/v) TCE

was increased over theoretical additive values for DMSO at 1.0% (v/v)

and 1.2% (v/v) by 42.7% (21.7-67.7%; 95% confidence interval ) and

45.3% ( 23.7-70.6%; 95% confidence interval), respectively. However,

malformation was not changed significantly from theoretical additive

values. The increase in mortality resulted in a decreased 96-hr LC50.

Because malformation was unaffected, the TI would be lowered.

TCE combined with acetone significantly ( p =0.05) increased mortal-

ity (Figure 2). The rate of mortality caused by TCE at 0.035% (v/v)

was increased with acetone at 0.9% (v/v) and 1.0% (v/v) by 16.7% ( 6.4-

26.7; 95% confidence interval) and 24% (13-37.5%; 95% confidence

interval , respectively. The rate of TCE-induced malformation at 0.002%

(v/v) was not significantly different from theoretical additive values. An

increase in mortality for acetone and no change in malformation from

theoretical values would again cause a reduction of the TI.

TCE combined with TG caused significant ( p = 0.05 ) interaction for

both mortality and malformation (Figure 2). The rate of TCE-induced

mortality caused by 0.035% (v/v) TCE with 1.7% (v/v) and 2.0% (v/v) TG

was increased over theoretical additive values by 15% (6.2-26.9%; 95%

confidence interval) and 20.33% (9.97-33.4%; 95% confidence interval),

respectively. The malformation caused by 0.002% (v/v) TCE and 2.0%

(v/v) TG was significantly increased by 17.2% (10.9-24.6%; 95% confi-

* 12



dence interval). Because both malformation and mortality for TG showed

an increase of approximately the same magnitude, the TI would not be

expected to change.

Trichloroethylene with DMSO and TCE with acetone caused an

increase in mortality and did not change malformation significantly. TCE

with TG, however, increased both mortality and malformation.

013



DISCUSSION

The Teratogenic Index (TI) is the ratio of the 96-hr LC50/96-hr EC50

(malformation) and represents the separation between the mortality and

malformation curves. It would be expected that for compounds to induce

malformations without causing mortality thatthe 96-hr EC50 (malforma-

tion) should be less than the 96-hr LC50. This is not, however, the only

way to classify compounds because the number of malformations do not

give information on the types or severity of these malformations. The

separation between the two curves is considered to be sufficient to pose

significant teratogenic hazard when the TI > 1. 5.1 6,18 If a synergistic or

antagonistic response altered a TI, false conclusions regarding teratogen-

ic hazard could result.25

MMC is known to cause cleft palate in mice.26 MMC is also known

to affect development of several fetal systems. 27-29 TCE is known to

induce strand breaks in DNA in the rat and mouse liver in vivo and to be

weakly mutagenic. 30 31 TCE causes abnormal development of chick

embryos.3 2 33 However, TCE does not show strong teratogenic effects

in the rat inhalation studies but did produce skeletal anomalies.34 Route

of exposure is important when comparing relative toxicity, teratogenicity.

TCE seems to show wide species variation in response. These sources

support that MMC and, perhaps, TCE should be teratogenic in FETAX.

The interaction results show that the carrier solvents do interact with

teratogens. Of the three indicators measured, mortality and malformation

were potentiated, while growth was not affected. Typically, growth and
14



malformation are the more sensitive endpoints. However, more interac-

tions were discovered with mortality. This shows that a change in one

endpoint does not necessarily result in a change in the others. This

study also shows that the choice of carrier solvents is critical because the

different carrier solvents caused different interactions. For example, only

acetone caused effects at the NOEC with MMC. However, all solvents

caused effects when combined with TCE at the NOEC. While TG had no

observed effects with MMC, both malformation and mortality were signifi-

cantly changed with TCE.

Malformations caused by all interaction treatments did not produce

new or different types of malformation. All malformations were the same

type as seen with individual control treatments for each teratogen and

solvent. Differences were in the magnitude of the response and the

number of malformations. Acetone has previously been shown to

change mutagenic potential of N-Methyl-N-nitrosourea and to interact on

membrane integrity.5,' 35 DMSO has been shown to interact with secalon-

ic acid D to alter teratogenicity in mice.38 These papers support the

results of this study where interactions were found between MMC and

TCE, and the three solvents.

Carrier solvents, although sometimes necessary, need to be used

with caution at the lowest solvent concentrations possible. If possible,

several different carrier solvents should be used separately to determine if

the results are consistent.37 Fewer effects were seen at the NOEC than

at the 96-hr EC50 for the solvents. Also interesting, is the finding that
15



MMC was the least teratogenic and had the fewest interactions, while

TCE, with a higher TI, had more interactions. These results are also

supported by Rayburn et al. 24 , who studiea the interactions of the three

solvents, DMSO, acetone and TG with t-retinoic acid and 6-aminonicoti-

namide. They documented more interactions with mortality than malfor-

mation, observed no interactions on growth and the stronger teratogen,

6-aminonicotinamide, showed more interactions than t-retinoic acid.
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Table 1. FETAX 96-hr LCSO, 96-hr ECSO(malformation), Teratogen-

ic Index (TI) a, and Minimum Concentration to Inhibit Growth

(UCIG) for Methylmercury Chloride (MMC) and Trichioroethylene

(TCE).

Compound 96-hr LC50 96hr ECS0 TI MCIG

Trial

1M ~ I 0 083 (0 .08Q0 0 087c) 0.024(0.021-0.028) 3.4 0.036

2 0.094(0.088-0.100) 0.025(0.018-0.034) 3.7 0.04

TCEd a 1 0.024(NA) 0.0048(0.002-0.011) 5 NA

2 0.029(0.026-0.032) 0.0023(0.001-0.004) 12.6 0.02

a TI = 96-hr LCSO/96-hr EC5O(malformation).

b Concentrations expressed as mg/L.

C 95% confidence limits.

d Concentrations expressed as % (v/v).

SDensity = 1.462.

NA - Not Available.
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TabLe 2. Effects of Dimethyt SuLfoxide (DMSO), Methytmercury ChLoride (MNC) and their

Interactions on Mortality, Malformation and Growth.

Treatmenta  Mortality Malformation Mean Length

No. MX) No. MX) (mm)

FETAX soLn.

Control 18 (6.3 + 2.72 ) 18 (7.0 + 1.42) 9.34 + 0.069

DMSO MMC

X(v/v) (mg/L)

1.0 23 (8.3 + 1.94) 24 (9.4 + 1.34) 9.16 + 0.069

1.2 27 (9.6 + 2.43) 75 (29.8 ± 3.92) 8.95 + 0.072

0.015 19 (6.7 ± 2.71) 50 (19.3 + 1.65) 9.22 + 0.086

0.088 117 (41.7 + 8.26) 163 (100) 7.55 + 0.129

1.0 0.015 22 (7.7 + 2.33) 65 (25.0 + 2.34) 9.21 + 0.086

1.2 0.015 70 (25.0 + 7.75) 109 (51.8 + 9.18) 8.85 + 0.090

1.0 0.088 123 (44.0 + 9.62) 157 (100) 7.88 + 0.213

1.2 0.088 176 (63.0 ±10.33) 104 (100) 7.68 + 0.253

a N for all treatments equated 288 embryos from three separate experiments. Two

experiments contained 25 embryos per dish (8 dishes), and one experiment contained 22

embryos per dish (4 dishes).

b Standard Error of Mean.
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Table 3. Effects of Acetone, Methytmercury Chloride (MMC) and their Interactions on

Mortality, Matfomation and Growth.

Treatmenta Mortality MaLformation Mean Length

No. () No. () (m)

FETAX soLn.

Control 22 (7.3 + 2 .08b) 33 (11.8 + 2.01) 9.47 ± 0.069

Acetone MMC

X(v/v) (mg/L)

0.9 23 (7.7 + 2.89) 56 (20.3 + 1.55) 8.97 + 0.064

1.0 16 (5.3 + 1.50) 100 (35.2 ± 1.95) 8.78 ±t 0.075

0.015 18 (6.0 + 2.44) 63 (22.2 + 0.97) 9.41 + 0.130

0.088 54 (18.0 + 4.45) 246 (100) 8.85 ±_ 0.127

0.9 0.015 21 (7.0 + 2.04) 133 (47.6 , 4.17) 8.95 t 0.098

1.0 0.015 32 (10.7 + 2.76) 199 (74.2 + 5.59) 8.70 + 0.104

0.9 0.088 89 (29.7 ._- 7.65) 211 (100) 7.81 + 0.135

1.0 0.088 119 (39.7 +10.16) 181 (100) 7.71 + 0.107

a N for aLl treatments equated 300 embryos from three separate experiments. There were

12 dishes of 25 embryos each.

b Standard Error of Mean.
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Table 4. Effects of Triethvtene Gtycot(TG), Methytmercury Chtoride (MMC) and their Inter-

actions on Mortatity, Matformation and Growth.

Treatmenta  Mortality Matformation Mean Length

No. () No. () (mm)

FETAX soLn.

ControL 30 (10.0 + 2.00b) 25 (9.4 ± 1.47) 9.27 ± 0.084

TG MMC

%(v/v) (mg/L)

1.7 15 (5.0 + 0.87) 35 (12.3 + 1.41) 9.14 ± 0.087

2.0 21 (7.0 + 2.04) 103 (36.8 ± 3.48) 8.88 + 0.087

0.015 24 (8.0 + 2.46) 59 (21.5 ± 0.99) 8.99 ± 0.092

0.088 81 (27.0 +10.00) 219 (100) 8.00 + 0.187

1.7 0.015 17 (5.7 + 1.59) 93 (32.7 + 2.80) 9.33 ± 0.066

2.0 0.015 19 (6.3 + 3.21) 160 (57.1 ± 5.80) 9.19 + 0.118

1.7 0.088 60 (20.0 + 6.73) 240 (100) 8.06 + 0.269

2.0 0.088 51 (17.0 + 4.15) 249 (100) 8.07 + 0.199

a N for at treatments equated 300 embryos from three separate experiments. There were

12 dishes of 25 embryos each.

b Standard Error of Mean.
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TabLe 5. Effects of DimethyL SuLfoxide(DMSO), Trichtoroethytene (TCE) and their Interac-

tions on MortaLity, Matformation and Growth.

Treatments  Mortality MaLformation Mean Length

%(v/v) No. MX No. M% (mm)

FETAX sotn.
Controt 22 (7.3 + 3 .07b) 25 (9.0 + 1.72) 9.35 + 0.101

DMSO TCE

1.0 18 (6.0 + 2.63) 31 (11.0 + 1.35) 9.14 + 0.072

1.2 31 (10.3 ± 4.07) 77 (28.8 ± 2.42) 8.92 ± 0.124

0.002 21 (7.0 + 6.29) 58 (20.9 + 1.12) 9.40 + 0.118

0.035 115 (38.3 ± 10.69) 185 (100) 7.73 ± 0.115

1.0 0.002 16 (5.3 + 1.80) 81 (28.7 + 2.04) 9.14 + 0.089

1.2 0.002 42 (14.0 + 4.13) 118 (45.9 ± 1.78) 8.92 ± 0.109

1.0 0.035 239 (79.7 + 9.24) 61 (100) 7.55 + 0.219

1.2 0.035 260 (86.7 ± 6.44) 40 (100) 7.08 + 0.112

a N for all treatments equated 300 embryos from three separate experiments. There were

12 dishes of 15 embryos per dish.

b Standard Error of Mean.
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Table 6. Effects of Acetone, TrichtoroethyLene (TCE) and their Interactions on MortaLi-

ty, MaLformation and Growth.

Treatmenta MortaLity MaLformation Mean Length

%(v/v) No. X) ":0. MX) (mm)

FETAX soLn.

Control 17 (5.7 ± 2.00b) 15 (5.15+ 1.44) 9.36 + 0.069

Acetone TCE

0.9 37 (12.3 ± 4.52) 47 (17.9 + 1.49) 9.01 + 0.066

1.0 19 (6.3 ± 2.12) 124 (44.3 + 4.13) 8.91 + 0.095

0.002 11 (3.7 ± 1.51) 56 (19.5 + 1.26) 9.31 + 0.072

0.035 77 (25.7 + 7.84) 223 (100) 8.21 + 0.179

0.9 0.002 34 (11.3 ± 3.30) 111 (41.7 + 2.93) 9.02 ± 0.101

1.0 0.002 21 (7.0 ± 3.94) 175 (62.7 ± 4.41) 8.88 + 0.081

0.9 0.035 147 (49.0 ± 7.61) 153 (100) 7.69 + 0.133

1.0 0.035 151 f50.3 + 9.33) 149 (100) 7.76 + 0.268

a N for aLL treatnents equaled 300 embryos from three separate experiments. There were

12 dishes of 25 embryos per dish.

b Standard Error of Mean.
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Table 7. Effects of Triethytene Glycol (TG), Trichtorvethylene (TCE) and their Interac-

tions on Mortality, Malformation and Growth.

Treatmenta  Mortality Malformation Mean Length

X(v/v) No. () No. MX) (mm)

FETAX sotn.

Control 32 (10.7 + 2.80 ) 29 (10.8 ± 2.35) 9.29 + 0.127

TG TCE

1.7 18 (6.0 + 1.87) 63 (22.2 ± 2.31) 9.13 ± 0.121

2.0 23 (7.7 + 2.17) 101 (36.4 ± 2.41) 8.76 ± 0.165

0.002 32 (10.7 t 2.33) 74 (27.5 ± 2.70) 9.24 ± 0.129

0.035 99 (33.0 + 9.57) 201 (100) 8.03 ± 0.292

1.7 0.002 25 (8.3 + 2.28) 132 (48.1 + 7.05) 8.91 + 0.150

2.0 0.002 27 (9.0 + 2.15) 192 (70.3 ± 6.97) 8.60 + 0.182

1.7 0.035 130 (43.3 ± 10.92) 170 (100) 7.62 + 0.354

2.0 0.035 151 (50.3 + 11.01) 149 (100) 7.39 + 0.387

a N for all treatments equaled 300 embryos from three separate experiments. There were

12 dishes of 25 embryos per dish.

b Standard Error of Mean.
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Figure 1.
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Figure 1. Cosolvent-induced synergism or antagonism in FETAX mortality and malformation endpoints for

methylmercury chloride (MMC). Zero value represents the expected additive effect for the solvent and test

compound. Error bars are the standard error of the actual mean effect for the solvent and test compound. *

= significantly different at p =0.05 and ** = significantly different at p =0.001. Solvents are Dimethyl Sulfox-

ide (DMSO), Acetone (AC) and Triethylene Glycol (TG). Significant interaction accounts for variation

between experiments.
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Figure 2
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Figure 2. Cosolvent-induced synergism or antagonism in FETAX mortality and malformation endpoints

for

trichloroethylene (TCE). Zero value represents the expected additive effect for the solvent and test com-

pound. Error bars are the standard error of the actual mean effect for the solvent and test compound. * =

significantly different at p =0.05 and I* = significantly different at p =0.001. Solvents are Dimethyl Sulfoxide

(DMSO), Acetone (AC) and Triethylene Glycol (TG). Significant interaction accounts for variation between

experiments.
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ASSESSMENT OF ThE DEVELOPMENTAL TOXICITY OF ASCORBIC
ACID, SODIUM SELENATE, COUMARIN, SEROTONIN, AND 13-CIS

RETINOIC ACID USING FETAX

Donna J. DeYoung, John A. Bantle 1 , and Douglas J. Fort
Department of Zoology, Oklahoma State University,

Stillwater, OK 74078 USA

The developmental toxicity of five com ounds was evaluated with the
Frog Embryo Teratogenesis Assay: Xenopus (FETAX) and the results were
compared to mammalian literature. Small cell Xenopus laevis blastula
were exposed to ascorbic acid, sodium selenate, coumann, serotonin and 13-
cis retinoic acid for 96-hr. Three separate static-renewal assays were
conducted for each compound. Teratogenic potential of the test materials
was determined based on Teratogenic Index values [TI =LCSO(mortality)
/ECSO(malformation)], types and severity of induced malformations and
embryo growth. Ascorbic acid had little or no teratogenic potential. Sodium
selenate and coumarin tested as having moderatley positive teratogenic
potential. Serotonin scored as having moderately strong teratogenic
potential and 13-cis retinoic acid scored as having strong teratogenic
potential. Results are consistent with mammalian data and support the use
of FETAX for the screening of developmental toxicants.

SiNTRODUCTIO

The Frog Embryo Teratogenesis Assay: Xenopus (FETAX) is a

rapid, cost-effective alternative to mammalian teratogenesis assay systems

and is helpful for identifying developmental toxicants. 1 Data may be used

for prioritizing samples for further tests which currently use mammals.

FETAX is a 96 hr static-renewal assay capable of determining the

developmental toxicity of pure compounds 2"4 and complex mixtures. 5 "7 In

addition to FETAX, a successful metabolic activation system (MAS) has

been developed 8"9, evaluated I 0"11, and applied to the study of toxicological

mechanisms of teratogenesis. 1 1

1To whom correspondence should be addressed.



In this report, we evaluate the developmental toxicity of five

compounds using FETAX and compare the results to mammalian literature.

* MATERlIALS AND METHODS

Animal care, frog breeding and embryo collection were performed

according to Dawson and Bantle.3

Sets of 20 or 25 embryos were placed in 60-mm covered glass Petri

dishes with a range of concentrations appropriate to each test compound

(Sigma Chemical Co., St. Louis, MO) dissolved in FETAX solution.3 For

each compound 8 to 16 concentrations were tested in duplicate. Embryos

were exposed to FETAX in four separate control dishes of 20 or 25

embryos each. Treatment and control dishes contained a total of 10 ml of

solution for 25 eggs exposed and 8 ml for 20 eggs exposed. Dimethyl

sulfoxide was used as a solvent for coumarin at a concentration less than

1.1% v/v which has been found not to cause any adverse effects in

FETAX. Because of the relative insolubility of 13-cis retinoic acid, stocks

were prepared by measuring I mg into 1 L FETAX solution, stirring and

filtering with 0.45 um millipore filter paper. The stock concentration was

then determined by spectrophotometry with a wavelength setting of 354

n14

At least one range and three definitive concentration-response tests

were conducted for each compound. Tests run separately by different

technicians were analyzed together statistically. The pH of all compounds

tested was between 7.0 and 8.0. Embryos were cultured at 240Cp1

throughout the test.



Solutions were renewed every 24 hr for a total exposure time of 96

hr and dead embryos were removed daily. At the termination of the tests,

surviving embryos were anesthetized with 3-aminobenzoic acid ethyl ester

(methanesulfonate salt) and fixed with 3.0% (w/v) formalin. The number of

dead, number and type of malformations, and developmental stages were

recorded and determined using a dissecting microscope. 15

Probit analysis 1 6 determined the 96 hr LC50 (median lethal

concentration), 96 hr ECS0 (concentration inducing malformations in 50% of

the surviving embryos) and 95% confidence intervals for each test

compound. In order to compare and assess levels of teratogenic potential

2-4,8-12, a Teratogenic Index [TI=LCSO (mortality)/EC50 (malformation)]

was also determined.

Head-tail length (growth) data was collected at the end of each

definitive test using an IBM-compatible computer equipped with digitizing

software (Jandel Scientific, Corte Madera, CA). The Minimum

Concentration to Inhibit Growth (MCIG) was calculated using the t-Test for

grouped observations at the p < 0.05 level.

Final results from the definitive tests with FETAX are presented in

Table 1. Representative concentration-response and growth-inhibition

curves for the five compounds are illustrated in Figures 1 and 2, respectively.

In this investigation the FETAX solution control mortality and malformation

rates were 44 of 1300 (3.4%) and 72 of the 1256 survivors (5.7%),

respectively. Control data for dimethyl sulfoxide, the solvent used in the

S



testing of coumarin, was 1 of 130 (0.8%) for mortality and 5 of 129 survivors

(3.8%) for malformation. Acceptable rates of control mortality and

malformation are generally < 10%.

The most common malformation induced by ascorbic acid was failure

of the gut to coil. At concentrations > 10 mg/ml loose gut coiling was

common along with slight musculoskeletal kinking. At concentrations > 13

mg/mi facial, eye and brain malformations were also noted. Growth was

stunted and severe malformations of the gut, musculoskeletal system, face,

eye and heart occurred at concentrations > 19 mg/mL.

Sodium selenate at concentrations > 0.002 mg/ml resulted in

embryos with edema and malformations of the gut, heart and face. Blistering

was evident at concentrations > 0.012 mg/ml.

Coumarin induced musculoskeletal kinking, loose gut coiling and

craniofacial malformations at concentrations > 0.01 mg/mL. Concentrations

> 0.04 mg/ml induced craniofacial malformations consisting of a reduced

head size and downward tilting of the head. Edema, eye and gut

malformations occurred at concentrations > 0.07 mg/mI. The

malformations mentioned above became more severe at concentrations

above 0.13 mg/mi.

Serotonin caused minor malformations and stunting at most of the

concentrations tested. Embryos gradually became smaller, shorter in length,

less developed, with blunter nose, and looser gut coil. At concentrations >

1.0 mg/mI, microencephaly and blistering of the dorsal fin were noticed.

Embryos were severely stunted at concentrations > 3.0 mg/ml.

0



13-cis retinoic acid caused loose gut coiling and musculoskeletal

kinking at concentrations > 0.5 ng/ml. Concentrations > 2.0 ng/ml resulted

0 in eye and brain malformations. Cyclopia, eye pigment ruptures, edema,

spinal kinking and craniofacial abnormalities were induced in

concentrations > 10 ng/mL

FETAX determines teratogenic potential by comparing TI values,

embryo growth, and the type and severity of induced malformations. In

general, TI values < 1.5 indicate low teratogenic potential and higher values

indicate an increase in the potential hazard.2 "4,8 "12 With higher TI values,

the mortality and malformation dose-response curves become separated and

the potential for the production of deformed embryos in the absence of

lethality increases3 . In this investigation, ascorbic acid, TI of 1.6, exhibited

an overlapping of the curves as presented in Figure 1. It is therefore

considered embryolethal at high concentrations and is not a potential

teratogen. Sodium selenate and coumarin, with TI values of 3.0 and 3.2

respectively, represent compounds with increasing separation of the curves

and potential teratogenic hazard. Serotonin and 13.cis retinoic acid, TI

values of 7.6 and 12.7 respectively, exhibit wider separation of the curves, and

are examples of compounds with strong teratogenic hazard. Because all

chemicals are potential teratogens if administered in appropriate doses at

sensitive stages of development 17 , it is important to consider the types and

severity of terata and the concentrations at which they occur. Compounds

0



with TI values < 1.5 may pose a hazard to developing organisms, possibly as

embryotoxins.

Developmental toxicity may also be assessed by considering the

MCIG (expressed as % compound LC50)2 4 ,10. Rates of growth inhibition

(i.e. slope) and overall reduction in embryo growth vary with the severity of

the teratogen. Dawson et a14 suggest that compounds with significant

teratogenic potential generally inhibit growth at concentrations < 30% of the

respective LCSO values. Ascorbic acid begins to inhibit growth at > 50% of

the LCSO. Sodium selenate and coumarin cause inhibition between 28 and

48% of the LC50. Serotonin and 13-cis retinoic acid cause inhibition

between 10% and 16% of each particular LC50. In addition, serotonin and

13-cis retinoic acid with the highest TI values show a sharper decrease in

slope compared to the other compounds. This characteristic is presented in

Figure 2 by the growth-inhibition curves.

The five compounds presented here have been selected to be part of

the validation process of FETAX because of the availability of mammalian

literature for each18 "19. Although FETAX results cannot be directly

extrapolated to mammalian developmental toxicity tests, comparisons are

beneficial in order for FETAX to be useful as a screening assay.

Ascorbic acid which tested negative in FETAX, has been tested with

mice, rats and rabbits in studies following FDA Segment II guidelines. No

effects were observed in rats up to 500 or 1000 mg/kg/dy20-21. No effect

was observed in mice up to 1000 mg/kg2 1or in rabbits up to 500

mg/kg/dy20. Frohberg et al.21 administered up to 1000 mg by mouth to

pregnant mice and rats on days 6-15 with no adverse effects found. In fact,
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ascorbic acid (ascorbate) has been found to protect against the embryole-

thality of N-acetoxy-2-acetylaminofluorene and 2-nitrosofluorene (NF), and

decreased the number of flexure abnormalities caused by NF in a rat whole

embryo culture system 22.

FETAX results for sodium selenate also agree with the majority of

mammalian literature reports. As a potential teratogen it tested positive in

FETAX with a TI of 3.0. Selenium occurs as selenate (Se6 +), selenite

(Se4 +), elemental selenium (Se0), and selenide (Se2"). Selenium induced

malformations have resulted from livestock grazing on seleniferous

ranges.23"24 Beath et al.24 reported malformations in lambs consisting of

multiple cysts in eyes, microphthalmia and deformities of the extremities.

Similar effects were reported with horses25. However, early laboratory

studies with rats and cats fed a continuous diet of selenium did not result in

any malformations in the progeny2 6. As a result of the interest in the

Kesterson Reservoir and Kesterson National Wildlife Refuge, Merced

County, California, in which selenium contamination was a factor, several

developmental toxicity studies have emerged. Sodium selenite and

selenomethionine were tested in the laboratory with mallards and

malformations found included hydrocephaly, microphthalmia, lower bill and

foot defects, edema and stunted growth 27. High rates of embryonic mortality

and abnormalities were also reported in wild aquatic bird populations at

Kesterson 28 "29 . An in situ study was conducted using 10 species of

mammals collected from Kesterson Reservoir and a low rate of

abnormalities was found.30 Nobunaga et al.31 conducted a study with mice



in which the malformation rate of sodium selenite was not significantly

different from controls. Species differences to developmental toxicity caused

by selenium are apparent, however FETAX results agree with the species

tested other than rats and mice and further studies are needed.

Coumarin is a compound which also has conflicting reports in the

mammalian literature but is generally considered to be a developmental

toxin, especially for humans. Coumarin-induced abnormalities are known as

the fetal warfarin syndrome 32 and the most consistent malformations in

humans have been described by Shaul and Hall3 3 as nasal hypoplasia,

stippling of the bones, opthalmologic abnormalities, intrauterine growth

retardation and developmental delay. When administered to mice, coumarin

elicited a low incidence of gross fetal malformations including cleft lip and

cleft palate.34 A study on rabbits and mice found that coumarin adversely

affected normal implantation and placentation, but no mention was made of

any malformations.35 In a similar study by Hirsch et al.36 , rabbits exposed to

coumarin gave birth to stillborn fetuses with hemorrhages. One discrepancy

between nonhuman and human data may be due to the fact that in man and

the baboon, coumarin is metabolized to 7-hydroxycoumarin 37 "38 but this

metabolic pathway is relatively minor in the rat. FETAX tested coumarin as

a positive with a TI of 3.2 and in this case was a better indicator of teratogen-

ic hazard than some laboratory non-primate tests.

Serotonin when tested in FETAX resulted in a TI of 7.6 and agreed

with mice, rat, and human data that serotonin poses a teratogenic hazard.

Defects reported in laboratory mice include kidney, abdomen, eye, limb, tail,

skull, brain and CNS abnormalities. 3 9 "4 0 The teratogenic effects of
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serotonin in the laboratory rat include anophthalmia, hydrocephalus,

exencephaly, omphalocele and vacuolization of myocardial cells.41 Reddy et

al.41 reported evidence of the effects of serotonin in human pregnancy.

The teratogenicity of 13-cis retinoic acid (Vitamin A) has been

observed in all species tested including rat, mouse, rabbit, monkey and also

Xenopus laevis42 43. Nervous system and craniofacial defects are the most

common terata reported. Human birth defects as a result of the use of 13-is

retinoic acid are documented and described as a syndrome of central nervous

system, aural and cardioaortic defects44. J.A.G. Geelen 42 has published a

survey on malformations reported in the literature for Vitamin A and its

congeners. FETAX results, a TI of 12.7 for 13-is retinoic acid, confirm the

advice that this treatment for cystic acne should be avoided in pregnant

women.

The results of this study indicate that all five compounds agree with

the majority of mammalian literature available regarding teratogen,"city.

Ascorbic acid, cited as a negative teratogen in mammalian literature20"22,

tested negative in FETAX. Sodium selenate and coumarin, variable

positives in mammalian literature 23"3 1,32"38, tested positive in FETAX.

Serotonin and .13-cis retinoic acid, listed as positives in mammalian

[iterature39"41,42 "44, tested positive in FETAX. Overall, FETAX currently

has a predictive accuracy of 89% including compounds tested with metabolic

activation.
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TABLE 1.
Developmental Toxicity of Five Compounds Tested with FETAX
Cofigund Test* LCSOa ,,Oa ?! MC C° MCIGO

Ascorbic acid 1 19.2 11.6 1.7 10.0 52
(17.8-20.7) (10.2-13.2)

CAS 50-81-7
2 20.3 12.8 1.6 10.0 49

(18.7-21.9) (12.4-13.3)

3 19.6 12.0 1.6 10.0 51
(18.9-20.3) (10.4-13.8)

Sodium selenate 1 0.017 0.006 3.0 0.014 82
(0.016-0.017) (0.002-0.013)

CAS 13410-10-0
2 0.019 0.007 2.8 0.006 32

(0.017-0.019) (0.006-0.008)

3 0.027 0.009 3.1 0.008 30
(0.026-0.029) (0.006-0.012)

Coumarin 1 0.15 0.038 4.0 0.01 7
(0.14-0.15) (0.025-0.059)

CAS 91-64-5
2 0.14 0.038 3.5 0.05 36

(0.13-0.14) NA

3 0.10 0.045 2.2 0.04 40
NA (0.037-0.055)

Serotonin 1 2.74 0.35 7.8 0.25 9
(2.55-2.93) (0.19-0.66)

CAS 153-98-0
2 3.27 0.39 8.4 0.60 18

(3.18-3.36) (0.21-0.72)

3 3.21 0.48 6.7 1.00 3
NA (0.43-0.54)

13-Cis retinoic
acid 1 37x10"9  3x10 "9  18.8 7x10"9  19

(25-57xi0 9 ) (2-3x0 -9 )
CAS 4759-48-2

2 18x10"9  2x10 "9  9.2 20x10-9 NA(16-22xl0"9)  (1-3xl0 "9 )

3 36x10-9  4x10 "9  10.1 10x10-9  28
(34-37xi0 9 ) (3-4x0 "9 )

a mg/ml with (95% confidence interval).
b Minimum Concentration to Inhibit Growth as mg/L.
c Minimum Concentration to Inhibit Growth as a percent of LCSO.
NA Not available.
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1. Fort, D.J., James, B.L. and Bantle, J.A., Evaluation of the developmental toxicity of five
compounds with the frog embryo teratogenesis assay: Xenopus (FETAX). Journal of
Applied Toxicology 9(6):377-388, 1989.

2. Bantle, J.A., Fort, D.J., Rayburn, J.R., DeYoung, D.J. and Bush, S.J., Further valida-
tion of FETAX: Evaluation of the developmental toxicity of five known mammalian
teratogens and non-teratogens. Drug and Chemical Toxicology 13(4):267-282, 1990.

3. Bantle, J.A., Dumont, J.N., Finch, R. and Linder, G., Atlas of abnormalities: a guide for
the performance of FETAX. Oklahoma State Publications Department, Publication
date: Jan., 1991.

In Press:

4. Rayburn, J.R., Fort, D.J., McNew, R. and Bantle, J.A., Synergism and antagonism
induced by three carrier solvents with t-retinoic acid and 6-aminonicotinamide. Bulle-
tin of Environmental Contamination and Toxicology, April, 1991.

5. Fort, D.J., Rayburn, J.R., DeYoung, D.J. and Bantle, J.A., Developmental toxicity test-
ing with frog embryo teratogenesis assay-Xenopus (FETAX): Efficacy of Aroclor
1254-induced exogenous metabolic activation system. Drug and Chemical Toxicology,
August, 1990.

* 6. Rayburn, J.R., Fort, D.J., DeYoung, D.J., MeNew, R. and Bantie, J.A., Altered devel-
opmental toxicity caused by three carrier solvents. Journal of Applied Toxicology.

7. DeYoung, D.J., Bantle, J.A. and Fort, D.J., Assessment of the developmental toxicity of
ascorbic acid, sodium selenate, coumarin, serotonin, and 13-cis retinoic acid using
FETAX. Drug and Chemical Toxicology.

In Preparation

8. Bantle, J.A. and Sabourin, T.D., New standard guide for conducting the frog embryo
teratogenesis assay-Xenopus (FETAX). American Society for Testing and Materials.
Fifth draft now out for E.47.01 Aquatic Toxicology ballot. June, 1991.

9. DeYoung, D.J. and Bantle, J.A., Differing sensitivities to sodium acetate, caffeine and 5-
flourouracil shown by Xenopus and Pimephales embryos. Aquatic Toxicology, April,
1991.

Presentations

1. Fort, D.J., Dawson, D.A. and Bantle, LA., 1988. Preliminary validation of a metabolic
activation system for the frog embryo teratogenesis assay-Xenopus (FETAX). 9th
annual SETAC meeting, Pensacola, FL.

2. Rayburn, J.R., Fort, D.J., James. B.L. and Bantle, J.A., 1988. The use of carrier
solvents as an acceptable method of testing water insoluble compounds with FETAX.
77th meeting of the Oklahoma Academy of Science, Chickasha, OK.0
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3. Fort, D.J., James, B.L. and Bantle, J.A., 1988. Preliminary validation of a metabolic
activation system for the frog embryo teratogenesis assay-Xenopus (FETAX). 77th
meeting of the Oklahoma Academy of Sc;ence, Chickasha, OK.

4. Bantle, J.A., 1989. Evaluation of a model system for the detection of developmental
toxicants. Invited seminar. Graduate Toxicology Seminar. University of Kentucky,
Lexington, KY.

5. Fort, D.J., James, B.L. and Bantle, LA., 1989. Evaluation of the developmental toxicity
of five compounds with the frog embryo teratogenesis assay: Xenopus (FETAX) and a
metabolic activation system. Ozark-Prairie regional SETAC meeting, Columbia, MO.

6. Rayburn, J.R., Fort, D.J., James, B.L. and Bantle, LA., 1989. Effects of carrier
solvents in FETAX and a proposed method of studying solvent interaction. Ozark-
Prairie regional SETAC meeting, Columbia, MO.

7. DeYoung, D.J., Fort, D.J., Rayburn, J.R., Bush, S.J., James, B.L., Work, P.K. and
Bantle, J.A., 1989. Validation of FETAX with known mammalian teratogens and
nonteratogens. Ozark-Prairie regional SETAC meeting, Columbia, MO.

8. Bantle, J.A., 1989. Validation of FETAX. Advances in In Vitro Teratology Conference
and Workshop. NIEHS, Research Triangle Park, NC.

9. Fort, D.J., James, B.L. and Bantle, J.A., 1989. Developmental toxicity testing with
FETAX and a exogenous metabolic activation system. 10th annual Society of Envi-
ronmental Toxicology and Chemistry Meetings, Toronto, Canada.

10. DeYoung, D.J., Fort, D.J., Rayburn, J.R., Work, P.K. and Bantle, J.A., 1989.
Validation of FETAX with known mammalian teratogens and nonteratogens. 10th
annual Society of Environmental Toxicology and Chemistry Meetings, Toronto,
Canada.

11. Rayburn, J.R., McNew, R.W and Bantle, J.A., 1989. The synergistic and antagonistic
effects of three carrier solvents on the developmental toxicity of retinoic acid and 6-
aminonicotinamide with FETAX. 78th meeting of the Oklahoma Academy of Science,
Edmond, OK.

12. Fort, D.J. and Bantle, LA., 1989. Evaluation of the developmental toxicity of
diphenylhydantoin with FETAX: Proteratogen or ultimate teratogen. 78th meeting of
the Oklahoma Academy of Science, Edmond, OK.

13. DeYoung, D.J., Fort, D.J., Rayburn, J.R., Work, P.K. and Bantle, J.A., 1989.
Validation of FETAX with known mammalian teratogens and nonteratogens. 78th
meeting of the Oklahoma Academy of Science, Edmond, OK.

14. Bantle, J.A., 1990. Testing some old drugs using a new developmental toxicity assay.
Invited lecture at the University of Connecticut Health Center.

15. Fort, D.J. and Bantle, J.A., 1990. Developmental toxicity testing with FETAX: An
overview. SETAC Ozark Prairie-South Central regional meeting, Stillwater, OK.

16. Rayburn, J.R., Fort, D.J. and Bantle, J.A., 1990. The synergism and antagonism effects
of the developmental toxicity of t-retinoic acid and 6-aminonicotinamide using FETAX
with three carrier solvents. SETAC Ozark Prairie-South Central regional meeting,0
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Stillwater, OK.
17. DeYoung, D.J., Fort, D.J., Rayburn, J.R., Hull, M.A. and Bantle, J.A., 1990.

Predictive accuracy of the frog embryo teratogenesis assay: Xenopus (FETAX).
SETAC Ozark Prairie-South Central regional meeting, Stillwater, OK.

18. jantle, J.A., 1990. FETAX- A developmental toxicity screen. Third Annual
Carcinogenicity Review Workshop, Frederick, MD.

19. Bantle, J.A., 1990. Further developments in the FETAX assay. Invited lecture at the
University of Connecticut Health Center.

20. Rayburn, J.R., Fort, D.J. and Bantle, J.A., 1990. Effects of solvent-teratogen interaction
on developmental toxicity using FETAX. 11th annual Society of Environmental
Toxicology and Chemistry Meetings, Arlington, VA.

21. DeYoung, D.J., Fort, D.J., Rayburn, J.R., Hull, M.A. and Bantle, J.A., 1990.
Predictive accuracy of the frog embryo teratogenesis assay: Xenopus (FETAX). 11th
annual Society of Environmental Toxicology and Chemistry Meetings, Arlington, VA.

22. Fort, D.J., Raybum, J.R. and Bantle, J.A., 1990. Developmental toxicity testing with
FETAX: Efficacy of aroclor 1254-induced exogenous metabolic activation systems.
11th annual Society of Environmental Toxicology and Chemistry Meetings, Arlington,
VA.

23. Rayburn, J.R., Fort, D.J., DeYoung, D.J. and Bantle, J.A., to be presented April 14-16,
1991. An evaluation of solvent-teratogen interactions using FETAX. ASTM
Symposium on Environmental Toxicology and Risk Assessment: Aquatic, Plant, and
Terrestrial, Atlantic City, NJ.
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Graduate Digre Resulting from Contract no. DAMD17-88-C-8031

* Three degrees developed from this contract:

1) Douglas J. Fort received a Doctor of Philosophy
Disertation title: Developmental Toxicity Testing with the frog
embyro teratogenesis assay - Xnopus (FETAX) and an exogenous
metabolic activation system: Evaluation an Applications.

2) James R. Rayburn received a Master of Science
Thesis title: The synergism and antagonism of the developmental
toxicity of t-retinoic acid and 6-aminonicotinamide using FETAX
with 3 carrier solvents.

3) Donna J. DeYoung is in the process of completing a Master of Science
Thesis title: FETAX validation and species differences in
developmental toxicity observed with Xenopus laevis and Pimephales
promelas embryos.
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APPENDIX III

RAW DATA



ETAXSUMMARY SHEET (96hr)

COMPOUND I-4I~ - CAS # ~ -( 7 -
TEST # 7)I .TEST UNITS MAJI/W-L..
FETAX CONTROL MORT. (N,%) 0 C FETAX CONT. MALF. N,% ,

SOLVENT CONT. MORT. (N, % -) SOLVENT CONT. MALF. (N, %) "

CONTROL LENGTH 0. 1 3 cm MCIG > C

LCSO (MORT.) 9 95% CONFIDENCE LIMITS
STATISTICAL TEST USED L-IIJ

EC50 (MALF.) > .-& 95% CONFIDENCE LIMITS - ' .567
STATISTICAL TEST USED .

TI

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL NOEL Ii "--, i
LOEL 3 LOEL 3 '__

METABOLIC ACTIVATION

FETAX CONT. MORT. (N,%) FETAX CONT. MALF. (N,%)

SOLVENT CONT MORT. (N,_.) SOLVENT CONT.MALF. (N,%__)

MAS CONT. MORT. (N,%) MAS CONT. MALF. (N,%)

MAS+SOL. CONT. MORT. (N,%) MAS+SOL. CONT. MALF. (Nl%)

CYCLOPHOS. CONT. MORT. CYCLOPHOS. CONT. MALF.
(4. 0 MGiML) (4.0 MG/ML)

COMAS+TOX. CONT. MORT. COMAS+TOX. CONT. MALF.
( ) ()

MAS+SOLVENT CONTROL LENGTH cm MCIG

LC50 (MORT.) 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

EC50 (MALF.) 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

TI

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL _NOEL

LOEL LOEL



RAW DATA SUMMARY SHEET (96hr)

COMPOUND ,U4 CAS #

TEST #_ _ _

Q.NCENTRATION (k. MORTALITY % MALFORMATION

_ _ _ _ _ _ _ _,_ _ _ 7.,
a., 7.0 7.

2-

&__7_____ (- 7$*.
______1_y__ __7_ 0c



ETAX aUMMARY SHET (96hr)

COMFOUND Af'.-+2A.t74 CAS # o - ( 7-3
" TEST # D&I-7 -A- TEST UNITS _ _ _ _L_

FETAX CONTROL MORT. (N,%)'. (FETAX CONT. MALF. (N,%) .

SOLVENT CONT. MORT. (N,%) _ _ SOLVENT CONT. MALF. (N,%) "_

CONTROL LENGTH 0. h cm MCIG 3.

LC50 (MORT.) 3-' 95% CONFIDENCE LIMITS R 4 T- S. q 7
STATISTICAL TEST USED LJ

EC5O (MALF.) 3. I 95. CONFIDENCE LIMITS Z I.
STATISTICAL TEST U!

TI /.--

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL - NOEL-' 3' -

LOEL ___ LOEL .. ;1IIE"

METABOLIC ACTIYATION

FETAX CONT. MORT. (N,%) FETAX CONT. MALF. (N,%)

SOLVENT CONT. MORT. (N,,.) SOLVENT CONT.MALF. (N_%)

MAS CONT. MORT. (N,/) MAS CONT. MALF. (N,.)_

MAS+SOL. CONT. MORT. (N,%) __ MAS+SOL. CONT. MALF. (N,/)

CYCLOFHO$. CONT. MORT. CYCLOFHOS, CONT. MALF.
(4.) MG/ML) (4.0 MG/ML)

COMAS+TOX. CONT. MORT. COMAS+TOX. CONT. MALF.
( ) ()

MAS+SOLVENT CONTROL LENGTH cm MCIG

LC50 (MOFT.) _ _ 95:i CONFIDENCE LIMITS
STATISTICAL TEST USED

EC=0 (MALF.) 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

TI

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL NOEL

LOEL LOEL

0



RAW DATA SUMMARY SHEET (96hr)

COMPOUND T'rQ&+ _ _ _ _ CAS #

* TEST_#____

CONCENTRATION (-,--I MORTALITY % MATION %

_____100. ig s-

3 2--7.,?

3,7- 0 __70

_ _ _ _ _ _ _ _ _ _7 _ _ _ o c



ETAX SUMMARY SHEF=T (96hr)

COMPOUND , A AY ... CAS #____-____- __

* TEST #TEST UNITS-~

FETAX CONTROL MORT. (N,%) /00. /.FETAX CONT. MALF. (N,%)

SOLVENT CONT. MORT. (N %) .ZL- SOLVENT CONT. MALF. (N, %) ,,,___

CONTROL LENGTH . -7 cm MCIG 3.1,S ,

LC50 (MORT.) 95% CONFIDENCE LIMITS (3.L - - 4. EoXg
STATISTICAL TEST USED L. ,j /LJ ,

EC50 (MALF.) @..i'I 95:: CONFIDENCE LIMITS/3, 'E-eI -

STATISTICAL TEST USED 4-,L;:ij:/&L;leoxo,-
TI C.L , -7

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL _____ NOEL 5 -7

LOEL_ ____ LOEL __'  _ .D__c,,,_ f_

METABOLIC ACTIVATION

FETAX CONT. MORT. (N,%) FETAX CONT. MALF. (N.,%)

SOLVENT CONT.MORT. (N,,.) SOLVENT CONT.MALF. (N,%)

MAS CONT. MORT. (N,%) MAS CONT. MALF. (N,%)

MAS+SOL. CONT. MORT. (N,") MAS+SOL. CONT. MALF. (Nl%)

CYCLOPHOS. CONT. MORT. CYCLOFHOS. CONT. MALF.
(4..) MG/ML) (4.0 MG/ML)

COMAS+TOX. CONT. MORT. COMAS+TOX. CONT. MALF.
( ) ()

MAS+SOLVENT CONTROL LENGTH cm MCIG

LC50 (MORT.) _?5% CONFIDENCE LIMITS
STATISTICAL TEST USED

ECS0 (MALF.) 95,, CONFIDENCE LIMITS
STATISTICAL TEST USED

TI

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL NOEL

LOEL LOEL



RAW DATA SjMARY SHEET (96hr)

COMPOUND_____________ CAS # 7 .-3

TEST # 3)

Cg.NCENTRATION A/SLMORTALITY % MAFRMTO %

3 ~97.5

__ __ __o_ ______V -7.5

17 L1- ,

03

75,-Dq



FETAX 5UMMARY SHEET. (96hr)

COMPOUNDc -A? Ac , - CAS # _Q P-7 07L

TEST # TEST UNITS

FETAX CONTROL MORT. (N,%) AuO -oFETAX CONT. MALF. (N,%) 9 -

SOLVENT CONT. MORT. (N, ,) . -4 SOLVENT CONT. MALF. (N,%)

CONTROL LENGTH , cm MCIG 3,,

LCSO (MORT.) ., 95% CONFIDENCE LIMITS
-z;,, -r STATISTICAL TEST USED

EC50 (MALF.) eAe x 95: CONFIDENCE LIMITS
/A STATISTICAL TEST USED

TI ___ __ __

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL >___ NOEL > "L

LOEL ______LOEL :"  L 4

METABOLIC ACTIVATION

FETAX CONT. MORT. (N,%) FETAX CONT. MALF. (N,%)

SOLVENT CONT.MORT. (N,%) _ SOLVENT CONT.MALF. (N,%)

MAS CONT. MORT. (N,') MAS CONT. MALF. (N0,%)

MAS+SOL. CONT. MORT. (N,%) __ MAS+SOL. CONT. MALF. (N%)

CYCLOPHOS. CONT. MORT. _CYCLOPHOS. CONT. MALF.
(4.0 MG/ML) (4.0 MG/ML)

COMAS+TOX. CONT. MORT. COMAS+TOX. CONT. MALF.
( ) (

MAS+SOLVENT CONTROL LENGTH cm MCIG

LC50 (MORT.) 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

EC'0 (MALF.) _ 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

Ti

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL _NOEL

LOEL LOEL



RAW DATA SUMMARY ggkl j

COMPOUND A (~W CAS 1 04-

TEST #___ __ _ _

CONCENTRATION _,w MORTALIrY' MALFORMATION %

I, o 5o C) oc,
.o 0 _ ,____

44Q

Inc' __ _ __ 1

'. . o

6 e t.( '2

I "€u t.-_



FETAX SUMMARY SHEET (96hr)

COMPOUt4D__ _ CAS 4 '55 -- 7-

TEST #__________ TEST UNITS____________

FETAX CONTROL MORT. (N,%) /)D, 9 FETAX CONT. MALF. (N,%, _

SOLVENT CONT. MORT. (N,%:.) /I/iZLILSOLVENT CONT. MALF. (N, %) /j( 4-

CONTROL LENGTH cm MCIGes

LC50 (MORT.) A(.- 95% CONFIDENCE LIMITS
D 10 A,.0T" STATISTICAL TEST USED

EC5o (MALF.) 2L&NH 95% CONFIDENCE LIMITS
STATISTICAL TEST USED_ _

TI

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL > NOEL .' c Tv-,

LOEL_>-Io.C LOEL >IO.C _ ,_,,,,._, __-_

METABOLIC ACTIVATION

FETAX CONT. MORT. (N,%) FETAX CONT. MALF. (N,%)

* SOLVENT CONT.MORT. (N,,%) SOLVENT CONT.MALF. (N,%)

MAS CONT. MORT. (N,%) _MAS CONT. MALF. (14N%)

MAS+SOL. CONT. MORT. tN,%) MAS+SOL. CONT. MALF. (Ni,%

CYCLOPHOS. CONT. MORT. _ _CYCLOFHOS. CONT. MALF.
(4.0 MG,ML) (4.0 MGiML)

COMAS+TOX. CONT. MORT. COMAS+TOX. CONT. MALF.
( ) ( )

MAS+SOLVENT CONTROL LENGTH cm MCIG

LCSO (MORT.) _95/; CONFIDENCE LIMITS
STATISTICAL TEST USED

EC5O (MALF.) 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

Ti

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL NOEL

LOEL LEL



RAW DATA SUMMARY SHEET (96hr)

COMPOUND A 5 CAS # 2,s-s -S7 #

TEST #

CONCENTRATION _ MORTALITY % MALFORMATION %

7. 5 /.
"___,,. ___ _____ /4, 7

,~-7 , 7

At-)Ai 
I,

Z-. ,,:



EETAL P.VMARY SHFLFT (96hr) -

COMPOUND PI Av% CAS 0 3 9 -'17-0

TEST # AeC 3 TEST UNITS __

FETAX CONTROL MORT. (N,%) Zoo 1'9 FETAX CONT. MALF. (N,%) zoo, q

SOLVENT CONT. MORT. (N,%) SOLVENT CONT. MALF. (N,%) Niq

CONTROL LENGTH -7,Y(W" cm MCIG 7.0

LCS0 (MORT.) 11,9153q 95% CONFIDENCE LIMITS 119 A513-/It233.2
STATISTICAL TEST USED L LO

EC50 (MALF.) /'.I-N(I Q5% CONFIDENCE LIMITS 1 5 a5-t 7 8;q
STATISTICAL TEST USED Lh)

TI I. 0 5 E V

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL - NOEL -

LOEL - LOEL -

METABOLIC ACTIVATION

FETAX CONT. MORT. (N,%) FETAX CONT. MALF. (N,%)

SOLVENT CONT.MORT. (N %) SOLVEJT CONT.MALF. (N, %)

MAS CONT. MORT. (Nl%) MAS CONT. MALF. (N%)

MAS+SOL. CONT. MORT. (N,%) ____MAS+SOL. CONT. MALF. (Nl%)

CYCLOFHOS. CONT. MORT. CYCLOPHOS. CONT. MALF.
(4.0 MGML) (4.0 MG/ML)

COMAS+TOX. CONT. MORT. COMAS+TOX. CONT. MALF.

( ) ()

MAS+SOLVENT CONTROL LENGTH cm MCIG

LC50 (MORT.) 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

ECS0 (MALF.) 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

TI

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL NOEL

LOEL LOEL



DAIDATA SUMMARY SHEET (96hr)

COMPOUND .... Fr.-qn CAS # 22.3 - '7- 0

TEST # def 3

CONCENTRATION (.m/,I. MORTALITY % MA.FORMATION

C r& -rA C L ?____ c 6

10 20 /0

7. 1 12. _ __,

c.o ,_ _ _ _ _ _



FETAX SUMMARY SHEET (96hr)

COMPOUND -, R2U CAS # 9.2 7

TEST # _.__-__ __ TEST UNITS_ _____

FETAX CONTROL MORT. (N, %) /Oe /7 FETAX CONT. MALF. (N,%. .9q /9.

SOLVENT CONT. MORT. (N, ) SOLVENT CONT. MALF. (N, %)

CO1TROL LENGTH ,/7/ cm MCIG ,04'

LC50 (MORT.) 95% CONFIDENCE LIMITS , s",- . s'"
STATISTICAL TEST USED L-d ro

EC5' (MALF.)L>,/ 95% CONFIDENCE LIMITS ,Iq- - o7 R,.$

STATISTICAL TEST USED .- W ./'ob,-

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL,.. NOEL ______ -__ _______

LOEL • LOEL -0 / _ _ _ _ _

METABOLIC ACTIVATION

FETAX CONT. MORT. (N,%) FETAX CONT. MALF. (N,%)

SOLVENT CONT.MORT. (N ,.) SOLVENT CONT.MALF. (N,')

MAS CONT. MORT. (N %) MAS CONT. MALF. (N,.)

MAS+SOL. CONT. MORT. (N,:'.) MAS+SOL. CONT. MALF. (Nl%)

CYCLOPHOS. CONT. MORT. CYCLOFHOS. CONT. MALF.
(4.'1) MG/ML) (4.0 MG/ML)

COMAS+TOx. CONT. MORT. COMAS+TOX. CONT. MALF.
( ) ()

MAS+SOLVENT CONTROL LENGTH cm MCIG

LC50 (MOFT.) ?5". CONFIDENCE LIMITS
STATISTICAL TEST USED

EC5O (MALF.) ,__*,_ CONFIDENCE LIMITS
STATISTICAL TEST USED

Ti

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL NOEL

LOEL LOEL

0



RAW DATA SUMMARY SHEET (96hr)

COMPOUND -'-C 7 /' - CAS # 22 o - "

TEST # _ __

CONCENTRATION MORTALITY % MALFORMATION %

.o3 ,-7?.L

to ._ __ _ /60

*..4 2-6. ___,__

_ _ _ _ _ "

LT

/ U ii

/1 /6, ,



FETAX SUMMARY SHEET (96hr)

COMPOUND C- Az.w gIirve CAS # "o-,7 -

TEST # .... __ _ TEST UNITS___________

FETAX CONTROL MORT. (N,%) L QFETAX CONT. MALF. (N, %) /Oo, 7o

SOLVENT CONIT. MORT. (N, %) AIA SOLVENT CONT. MALF. (N,) o

CONTROL LENGTH ______5 cm MCIG 6c5 < 9 - -

LCSO (MORT.), cd, i I a.ze 95% CONFIDENCE LIMITS (-5_74 7 1 -,G5;:_3__0
STATISTICAL TEST USED ;

EC5) (MALF.) > . 95% CONFIDENCE LIMITS -6c ± r(. CSo
T /4- STATISTICAL TEST USED \,'a o+ rL.

TI__ _ _ _ _

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL NOEL , o 35 _____'_, __ _____.

LOEL____ LOEL .o _ _____________
-

METABOLIC ACTIVATION

FETAX CONT. MORT. (N,%) FETAX CONT. MALF. (N.,%)

SOLVENT CONT. MORT. (N, __.) SOLVENT CONT.MALF. (N., __)

MAS CONT. MORT. (N,.) MAS CONT. MALF. (14,N,.)

MAS+SOL. CONT. MORT. (N,%) MAS+SOL. CONT. MALF. (N%).

CYCLOFHOS. CONT. MORT. CYCLOFHOS. CONT. MALF.
(4. 0 MG/ML) (4.C MG/ML)

COMAS+TOX. CONT. MORT. COMAS+TOX. CONT. MALF.

( ) ()

MAS+SOLVENT CONTROL LENGTH cm MCIG

LCZ0 (MORT.) 95%'. CONFIDENCE LIMITS
STATISTICAL TEST USED

EC50 (MALF.) 95%" CONFIDENCE LIMITS
STATISTICAL TEST USED

TI

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL NOEL

LOEL LOEL



RAW DATA SUMMARY HE (96hr)

COMPOUND r-, _ ____ ___ c ___ ____--_CAS 3

* TEST #

QONCENTRATION &,,k,.--) MORTALITY % MALFORMATION %
0k -,,,o.o7,

oc 0 -. 75,
O, oo- .( (i ___ ___ _. _ __

, O v'D 01 ,5.

15(Nt~ 0 & .,

, oa' / 4, 35

, '.;L50 0 )G,Ooo

c3oo o .O.Yc5

o So 3, -D

6

- _____-__ _________,_

.0 4 ,33 % 4 1
0coO ,7

I, c7"e '. joj o



FETAX SUMMARY SHEET (96hr)

COMFOUND CAS #_______-_(0-1_-___

TEST # 3 TEST UNITS

FETAX CONTROL MORT. (N,%) 1c...Ai FETAX CONT. MALF. (N,%) U! @

SOLVENT CONT. MORT. (N,%) "/v+ SOLVENT CONT. MALF. (N,%) _v_ _

CONTROL LENGTH . . cm MCIG__________

LC50 (MORT.) , -01171 95"% CONFIDENCE LIMITS (.5tq72.- .C'-43q4
STATISTICAL TEST USED L- I-, k 4 A, Ircyo,-

EC50 (MALF.) 0,'93 9 CONFIDENCE LIMITS (.c,-3' - .C-715b/L)
STATISTICAL TEST USED LA4k/4J' /L(eo

TI____

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL______ NOEL 4.7,_ _ _ I

LOEL . LOEL_,___ _

METABOLIC ACTIVATION

FETAX CONT. MORT. (N,%) FETAX CONT. MALF. (N.)

SOLVENT CONT. MORT. (N,:'_) SOLVENT CONT. MALF. (N __)

MAS CONT. MORT. (N,%) MAS CONT. MALF. (N%)

MAS+SOL. CONT. MORT. (N,%) MAS+SOL. CONT. MALF. (N,%)

CYCLOFHOS. CONT. MORT. CYCLOF'HOS. CONT. MALF.
(4.0 MG/ML) (4.0 MG/ML)

COMAS+TOX. CONT. MORT. COMAS+TOX. CONT. MALF.

( ) ()

MAS+SOLVENT CONTROL LENGTH cm MCIG

LC50 (MORT.) ?5% CONFIDENCE LIMITS
STATISTICAL TEST USED

EC50 (MALF.) __ 5;. CONFIDENCE LIMITS
STATISTICAL TEST USED

TI

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL NOE,-

LOEL LOEL



RAW DATA SUMMARY SHEET (S6hr)

COMPOUND " CAS # 3 -_-__7 -_

* TEST# 3

CONCENTRATION _ MORTALITY % MALFORMATION %

.oq 5_ _. 

,,o7~ 1 ',5

-30___ /07iO

0/0-0.0
c - qm.



gTAX SUMMARY SHE T (6r

COMpOUND___ ________ -_ ___ CAS # -5-.

TEST #______ __ TET UNITS_ ________

FETAX CONTROL MORT. (N,%) 0% FETAX CONT. MALF. (N,%) i

SOLVENT CONT. MORT. (N, %) _L....SOLVENT CONT. MALF. (N, %)

CONTROL LENGTH 9 ) 3 am MCIG , o !5 /

LC5O (MORT.) .- 7 95% CONFIDENCE LIMITS 6 -.56-
STATISTICAL TEST USED T',PA Tro-b"4

EC50 (MALF.) .01 95% CONFIDENCE LIMITS (.012l-.oz(3)
STATISTICAL TEST USED 6-PA Pro, 4

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL_ _ NOEL_ _ u____,

LOEL L LOE&L( ,\

METAEOLIC ACTIVATION

FETAX CONT. MORT. (N,%) FETAX CONT. MALF. (N%)

SOLVENT CONT.MORT. (N,:') SOLVENT CONT.MALF. (N,%)

MAS CONT. MORT. (Ni%) MAS CONT. MALF. (N,%)

MAS+SOL. CONT. MORT. (N,%) MAS+SOL. CONT. MALF. (Nl%)

CYCLOPHOS. CONT. MORT. CYCLOPHOS. CONT. MALF.
(4.:0 MGiML) (4.0 MG/ML)

COMAS+TOX. CONT. MORT. COMAS+TOX. CONT. MALF.

( ) ()

MAS+SOLVENT CONTROL LENGTH cm MCIG

LC 0 (MORT.) 95% CONFIDENCE LIMITS
STATISTICAL TEST USED_

EC 0 (MALF.) 951. CONFIDENCE LIMITS
STATISTICAL TEST USED

T!

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL NOEL

LOEL LOEL



RAW DATA SUMMARY SHEET (96hr)

COMPOUND , #' , CAS # 59 - 5-2-

* TEST#

CONCENTRATION j MORTALIY % MALFORMATION

c I oI C) _ _ _'7

,) Q.,, C _ __ __ 3.Of

, ,,_____"_______.__________-___._

0",,... . 71 -7 z> 6 .) ,



E. TA PUMMARY $HEET (96hr)

* TEST #__________ TEST UNITS___________

FETAX CONTROL MOFT. (14,%) '0o "7 1- FETAX CONT. MALF. (N,%) 9 "

SOLVENT CONT. MORT. (N, ') /__ ____SOLVENT CONT. MALF. (N,%) 'i

COIITF:OL LENGTH e cm MCIG

LCSO (MORT.) .2c 7i. 95% CONFIDENCE LIMITS q.'-t753 -5 L/2
STATISTICAL TEST USEDS '-/d

EC50 (MALF., .C4 95% CONFIDENCE LIMITS , -0 -7 -L )

STATISTICAL TEST USED C -A Prfci?-T

MOFTALITY MALFORMATION ETATISTICAL TEST USED
NO=__ Y- 5 OEL < - . '- I T')t-.-L. ,-A: -

LOEL *LOEL .c-I______ _____

METABOLIC ACTIVATION

FETAX CONT. MORT. (N,%) FETAX CONT. MALF. (N,%)

SOLVENT CONT. MORT. (N.,*,.%) SOLVENT CONT.MALF. (N,'__)

MAS CONT. MORT. (N.) _MAS CONT. MALF. (I4,%)

MAS+SOL. CONT. MORT. 0N,%) MAS-SOL. CONT. MALF. (Nl%)

CYCLOPHOS. CONT. MORT. CYCLOPHOS. CONT. MALF.
(4.,. MD.,ML; (4.0" MG/ML)

COIMAS+TOX. CONT. MORT. COMAS+TOX. CONT. MALF.
( ) ( >

MAS+SOLVENT CONTROL LENGTH cm MCIG

LC50 (MOFT . _1'. CONFIDENCE LIMITS
STATISTICAL TEST USEE_

EC!:" (MALF.) __ '.5 CONFIDENCE LIMITS
STATISTICAL TEST USED_

Ti

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL NOEL

LOEL LOE"_



RAW DATA SUMMARY SHEET ili.h Q

COMPOUND'*~~Y ~d CAS #6 '2f-
TEST $1i

CONCENTRATION (,.-.) OFTALITY % MALFORMATION %
/"I ,. I

. _C' ,___,_._--_,_
. _G

.- 7.

," c :

c lL

.q C. Nv



FETAX SUMMARY SHEET (96hr)

COMPOUND -" doer.4 v - CAS # '31+-

* TEST # __TEST UNITS ___",,_i/__

FETAX CONTROL MORT. (N,%) (j ,lFETAX CONT. MALF. (N,%) c -

SOLVENT CONT. MORT. (N,'%) ,V/ SOLVENT CONT. MALF. (N,%) ,1)

CONTROL LENGTH cm MCIG Z .-AC rr.

LC50 (MORT.) 95% CONFIDENCE LIMITS (3,1'-'i ol -,7 1lo'7)

STATISTICAL TEST USED L Ledt /A. /jIco oA
EC5c:) (MALF.),A, 757/ 95% CONFIDENCE LIMITS

STATISTICAL TEST USED L,4-k%, A / UiCo-TI_______

MOFTALITY MALFORMATION STATISTICAL TEST USED

NOEL_____ NOEL .;0 ."i__V?_-_-_"_

LOEL 4 > 3 LOEL . ____" _, ____"__

METABOLIC ACTIVATION

FETAX CONT. MORT.(N,%) FETAX CONT. MALF.(N/%)

* SOLVENT CONT. MORT. (N ,) SOLVENT CONT. MALF. (N, ,.)

MAS CONT. MORT. (N.%) MAS CONT. MALF. (N,/%)

MAS+SOL. CONT. MORT. (N.%) _ rlAS+SOL. CONT. MALF. (Ni%)

CYCLOPHOS. CONT. MORT. CYCLOFHOS. CONT. MALF.
(4.') MG/ML) (4.0 MG/ML)

COMAS+TOX. CONT. MORT. COMAS+TOX. CONT. MALF.
( ) ( )

MAS+SOLVENT CONTROL LENGTH cm MCIG

LC50 (MORT.) _ 95,: CONFIDENCE LIMITS
STATISTICAL TEST USED

EC5O (MALF.) __5__ ; CONFIDENCE LIMITS
STATISTICAL TEST USED

TI

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL NOEL

LOEL LOEL



RAW DATA SUMMARY S (96hr)

COMPOUND .- 'to,,w, CAS # 35__-7

TEST #

CONCENTRATION _(,t/,r-)_ MORTALITY % MALFORMATION %

-, h f : ___-7_.P

_____ _____ .~.530

*7 .30 ----3

5 l.o -



FETA SUMMARY SHEET (96hr-)

COMPOUND d-p. ,., ,,,. CAS # ____
-

_
7

_ ____

TEST # 3 TEST UNITS ._"__/"_.-__

FETAX CONTROL MORT. (N,%) 10 0  FETAX CONT. MALF. (N,%) ."

SOLVENT CONT. MORT. (N,1:) AJ__ SOLVENT CONT. MALF. (N,%),idA

CONTROL LENGTH , -4 .c cm MCIG - 4 I /v .

LC50 (MORT.) I"' O?75i 55% CONFIDENCE LIMITS , - q 7"72q0
STATISTICAL TEST USED t-,-K4<lA 4,A /t. ,-o

EC5, (MALF. ).9 CONFIDENCE LIMITS
STATISTICAL TEST USEDTI '"' Ii. 5

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL , NOEL L _ f_, 0_"_. _______

LOEL ) LOEL C- _ _0_ __ _

METAL4OLIC ACTIVATION

FETAX CONT. MORT. (N,%) FETAX CONT. MALF. (N.%)

SOLVENT CONT.MORT. (N,%) SOLVENT CONT.MALF. (N,%)

MAS CONT. MORT. (N,,.) MAS CONT. MALF. (N,%)

MAS+SOL. CONT. MORT. (N,%) MAS+SOL. CONT. MALF. (Nl%)

CYCLOPHOS. CONT. MORT. CYCLOPHOS. CONT. MALF.
(4.,) MGI/ML) (4.0. MG/ML)

COMAS+TOX. CONT. MORT. COMAS+TOX. CONT. MALF.

( ) ( )

MAS+SOLVENT CONTROL LENGTH cm MCIG

LC5 (MORT.) 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

ECSO (MALF.) 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

Ti

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL _NOEL

LOEL LOEL

0 4



RAW DATA SUMMARY (96hr)

COMPOUN H c CS -q - b

TEST # 3

CONCENTRATION ,/,,,._ MORTALITY % MALFORMATION %

,r. ,,4, I qo
*';L;k o 1, __ __ __3_

*'o _ _ _ _ _ .__ _ _ _

,,-75,,.":. 7 8 _ , V -0
, D ,_ _ _ _ _ _ _ _ _ _,' _-o.

7700 02_____

, 7 50 ___ ___ __" '_ __ _ __ _ __ _

• . C D ,i./



FETAX SUMMARY SHEET (96hr)

COMPOUND -- c CAS # .' -7k -

* TEST # TEST UNITS ,

FETAX CONTROL MORT. (N,%) I.C.O 5% FETAX CONT. MALF. (N,%) qg

SOLVENT CONT. MORT. (N,I%) /vIA SOLVENT CONT. MALF. (N,%) A/,4

CONTROL LENGTH _________cm MCIG ". .

LC50 (MORT.).L~ 95% CONFIDENCE LIMITS(.B3'73v1i- qaOD6gq)
STATISTICAL TEST USED , o

EC50 (MALF.) 95 CONFIDENCE LIMITS(..oql -
STATISTICAL TEST USED L ,"-IA/J,'locp.

TI ______-7_

MORTALITY MALFORMATION STATISTICAL TEST USED

NOE:-~ NOEL .- S 160________

LOEL ____LOEL .1-7- D.___________

METABOLIC ACTIVATION

FETAX CONT. MORT. (N,%) FETAX CONT. MALF. (N,%)

SOLVENT CONT.MORT. (N,'i) SOLVENT CONT.MiALF. (N%)

MAS CONT. MORT. (Ni%) MAS CONT. MALF. (14%)

MAS+SOL. CONT. MORT. (N,%) MAS+SOL. CONT. MALF. (Ni.)

CYCLOPHOS. CONT. MORT. CYCLOFHOS. CONT. MALF.
(4.,") MG/ML) (4.0 MG/ML)

COMAS+TOX. CONT. MORT., COMAS+TOX. CONT. MALF.

( ) ()

MAS+SOLVENT CONTROL LENGTH cm MCIG

LC50 (MORT.) 95%i CONFIDENCE LIMITS
STATISTICAL TEST USED

EC50 (MALF.) _ _ 5. CONFIDENCE LIMITS
STATISTICAL TEST USED

Ti

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL NOEL

LOEL LOEL



RAW DATA SUMMARY SHEET (96hr)

COPON CAS # -7&5
TEST #

_ONCENTRATION (r./,,,1 MORTALITY % MALFORMATION %

o \t, I -s F I .D

,, i75 i,;

_____________ (0.

.250 0 Io'O , _o

3oo I ___ __-_.__

;-75 7;_ _ _ __. ___

'I :2~ I %



FETAX VUMMEARY SHEE _96hr)

COMFOUNt ct- -HC If'AS 0.~~:L

TEST # A, C IL TEST UNITS 4ZA

FETAX CONTROL MORT. 04, 1 O FETAX COIT. MALF. (N,% 00 0

SOLVENT CONT. MORT. (04*.9 ___._soLE.T CONT. MALF. (N, %)

CONTROL LENGTH S 0 cm MCI_ _ 05

LC50 (MORT.) . 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

EC50 (MALF.) ______ 95% CONFIDENCE LIMITS
STATISTICAL TEST USED_

TI______

MOFTALITY MALFORMATION STATISTICAL TEST USELD

NO- NOT .I(A NOEL____ _

LOEL ' l U A LA LOEL

METABOLIC ACTIVATION

FETAX CONT. MORT.(N,%) so.__ FETAX CONT. MALF. (N,%) o_____

SOLVENT CONT.MORT. (N%) A/',- SOLVENT CONT. MALF. (N, % A/4

MAS CONT. MORT. (N') . 0 MAS CONT. MALF. (N%,%) .S

MAS+SOL. CONT. MORT. (N.) 1VA AS+SOL. CONT. MALF. (N% A --

CYCLOPHOS. CONT. MORT. A h4-.....CYCLOPHOS. CONT.* MALF. A' '4-
(4.:0 MG/ML) (4.0 MG/ML)

COMAS+TOX. CONT. MORT. COMAS+TOX. CONT. MALF._(//.+
( ) ()

MAS 4i r CONTROL LENGTH '-/ cm MCIG

LC50) (MORT. > 4 P5% CONFIDENCE LIMITS
STATISTICAL TEST USED

EC:) (MALF.) ____ 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

TI

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL 'JO- 'U" NOEL__

LOEL "O ,J0 I -AAJLOEL
T -.0



RAW DATA SUMMARY SHEET (96hr)

COMPOUND ? g 4..aVM df .e-1 CAS # 7-,g

CONCENTRATION d I MORTALITY % MALFORMATION % ___ ,

3~ AM

6 tj !2.5q .

r"; m/,*.s 6______.0

9! 4



FEEA PUMMARY SHEET (96hr)

COMOUN: 4 - eL e6 _A ,r1, - 3 -7C- IN

TEST # 2-.. TEST UNITS___________

FETAX CONTROL MORT. 'I, ')O FETAX CONT. MALF. (N,,, 3, o

SOLVENT CONT. MORT. 041,._' _y_.t SOLVErNT CONT. MALF. (N,%' 4//"

CONTROL LENGTH 9 5019cm MCIc-

LC50 (MOFT.) > 2J. 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

ECSC (MALF.) < 95% CONFIDENCE LIMITS

TI > I'q STATISTICAL TEST USED_

MOFTALITY MALFORMATION STATISTICAL TEST USED

NO -> D or Pud, NOEL

LOEL b 4)T01- -U LOEL

METABOLIC ACTIVATION

FETAx CONT. MORT. (N,%) '30 0 FETAX CONT. MALF. (N,%) ;o 0

SSOLVENT CONT. MORT. (N,:.) ,4- SOLVENT CONT. MALF. (N,%) //

MA- CONT. MORT. (N I) 3o , 3 MAS CONT. MALF. (14%) --2-7, /0.

MAS+SOL. CONT. MORT. (N."> _____- MAS+SOL. CONT. MALF. (N.%) ,/A-

C,'CLOPHO. CONT. MORT. / CYCLOFHOS. CONT. MALF. //,-
(4.,') MG."ML) (4. Q MG/ML)

COMAS+TOX. CONT. MORT. 3o 0 COMAS+TOX. CONT. MALF. ,
( -4a 141 -4--

MASSQ=;!= CONTROL LENGTH a S'6--/'O cm MCIG__

LCE,. (MOFT.) >_425 95% CONFIDENCE LIMITS
STATISTICAL TEST USED_ _

EC-0 (MALF.) _____ ,5"' CONFIDENCE LIMITS

TI /4 STATISTICAL TEST USED

MOFTALITY MALFORMATION STATISTICAL TEST USED

NOEL Di C W,'T -utOEL

LOEL DD V.DT" R A/LOEL



RAW DA SUMMARY SHEET (96hr)

COMPOUNrt' ?5Alp CAS #____30_____

TEST # _MkS A

CONCENTRATION SAs4l .. MORTALITY % MALFORMATION .

FCMA 0 _____ (s 0 0

mdct5

IAA5 13
Doh0 _ _

A 
_________ 2

aao! DI



iA R ATA SUMMARY ftEjg (6h'.i z"

COMPOUND 4a c 1./f6DJ CAS #____________ ,

. TEST #__________ VENDOR/LOT #________
-----------------------------------------------------------------

__0__1_102__?__I 0 , 010I .05

/H,o? cvo e ,, 0 Poz -nI,:~=,
_ _,__ _,__ _ _ _ _ _ __ 0/0 " ,O $ JO ( .. /,., /.- Io

12,03,2 £ I, ,o , ? I_
/1 1 , -0() l (- 5 d

*i , , (,,9 15 1,7O,1= ,7 I'!I ,

ov1, I 0 01 )o ,2-,. - ,'o /Ic. _

_ _ _._ _ _ _ _~_ _._1 ,__ _, -1 61' , 1

05 20 N 3* - 0

3) '7_

/)I



RAW PAT SUMR SHE (96hr L Mr eT 

COMPOUND A-tr;c C do. CAS *

TEST #, _ _4_-_ VENDOR/LOT #
---------------------------------------------------- ------

CON NTIRATION i jQJ T L~~ I rYYLMLM

____,_- _______ 3, / o 6oT 'Y =/ 0, 0

/0 ' ..

I / - 3 .07 , /0 5

// 00 0Q / 0

'T0 3 0~~3~~

_ .___,______,__-_,/S 4- 2/. 7 s .

//,3 1% 10 20

.1_ _ _ _ / ,, /"7 I4, 1ilo -.__ __ _, __ __ __ _ < L? /o , ,L_ o __ __ _

//s / c ,')o : O -7 5 7
30 , / o



TAW I SUMMARY fIJT(6

COMPOUND CVOL. &I1A CAS __ _ _ _
TEST #_ J_- __ _ VENDOR/LOT

--------------------------------------------------- -

_____ _~_ ._, _/ _ / ). V, 6Y ,O. 11 "t) 0 4 4; -3-) ,, -
___________177 7611

___ __ ___ __ 0 0 zOo
, ~~~ ~ a4_0 -.,z.r ,,1 o,

5" ,.L..... = o c .I~L I2Z,,lI, .
11, i Z•z-i 6 1

__________ t__o / .'oo z / , 3/ ,
,5 0; / 0.,0 ,2. 4L, 5 // , 6,C (.0

/ 3 o O 0 If "5

2- 4L 2-4(;o,1,0 .

224Q.-- 2 - -7

2. 5-



RAW DATA SUMMARY SHEET (96hr)

Cl - - ____

COMPOUND AUur.2~O~dO CAS #__________

TEST #I VENDOR/LOT #

CONCENTRATION j rnR/w. MORTALITY % MALFORMATION %

V 0o~16 ' /9..., ,

-0 / g-7 ,,:., , OF 1,0" 77 /,o -7c

_____________ /,O <I0 .g .T :,EO . _

V,,



RAW DATA SUMMARY SHEET (96hr)

COMPOUND-a / ~tb I~ I±f A J~m

* TEST # ,d'P~- 2-. VENDOR/LOT # _______

0CONCENTRATION I MORTAILITY % ,MALFORMATION!_

( -,1, Q 0 i,2 6 /:3 , /

,_ .....,..0 0 .-

, / I : / L3j 66 A ty,

)// ..- I ,o .,,7:/ Vi. Ill :i 24, 70 .7-
,1'"7' R/ 97

c'Jl8 /, 's< --< ,)c. W , 9>;./>9-- l I",/2 .?

,__________,_1 =7 , ,_,__."
i (o

-C!-!



RAW DATA SUMMARY SHEET (96hr)

COMPOUND C) S # , . ,

, TEST # VENDOR/LOT # /3 41/.-o/-0

CONCENTRATION .1jvI MORTALITY % NALFORIATIDN%

ILI

C?)/4

r~

6O 1 , az S

,__ __ __ __ i35,:,5 --z0 o

/7-

___ __ __ __ _ 11/ ,7 ) Ic .€ .7 ,, Iq 17=21,



W0AW RAT SUMMARY SHEET -C96hr) 6y DeA~

COMPOUND Co UwA Cf r-N CAS #

TE _# g"_ -4N 1 - 'V 5 159 VENDOR/LOT #______ __A___ N___
----------------------------------------

___________ PoRAUT K :oo tcURM~t Y_

. ... = ,0

____, __,__ o o o o c, o0,, 1 2 , . -

... c{ I N, / iO> , ,o 5,, A3 ,r3 1 . ;, 3

__ ,_____ ____,,__ o ,. 0 ,do '9.;"' '' ;o6

_____1_______l___ 0f( , .os ,,, /! LI ,
42

/? /6,.0 37 , O? ,Tf /5c. SO :

.16 q~q~, ~ ~, 9.4

60 so /,I,0 -- .

_,v66,-l-a / , o /,o.

ccr+e-10. @



tAW DATA SUMMARY SHE tfijhr) ,

COMPOUND _____ _ a CAS #

TEST # "'"-3 "/h/a, VENDOR/LOT #
-------------------------------------

;0Ng..ENtTI' N i. M-/yL, ORTI I Y I, UAL.FRMaM T 7T_ 2

, O/ /,,. .5 ,/.o =/25 1 4 '1 q.o3,
_ 03 _ _, 3 /, /. ) f%

, 51,2 5. 053 1

,O.__ __ ___ __o_ _ 5 / . I;. '4,o;? , / 7 ,15__ , 1 .0'

_ _ _ _ _ _ _ 0 o .15 = .I . -

Vj /15 v4

3 4/.7 / /7 3 l



RAW DAT SUMMARY SHEET (96hr IP-1

COMPOUND 6% L-)I7/,/ CAS 0

TEST #0 -jr{ *i/ 3// 6S VENDOR/LOT #
--- ------------------ ----------------------------------------

0Nb[ftUO ihtlnt . -RIT LILY YL M-aEQ2fl8I.Wj X

,C'c2/ 61~3 3 0 .- 1 =.o75 - -5 / ( ~

ro5 q 0 0 0 q //3~__

0________ O () 0, & '0 o 6 1/5;iF 33 ___.9

f) 75' 0 0 C) 10=, 10 ,?o Yo

0,0 0 X 0._,n 6o

-7 0,23/ 1.o60 )*R /0'.f0 -

,1q3  ___I_//

C1, ,7_/On_/0__0

1 (-



RATA SUMMARY SHEET (96hr) 6y/ .Dbuh

COMPOUND rky- -- , CAS #

TEST # , I VENDOR/LOT #

_ _ _ __._ __AN _ Y I )A_2LF.RMAA_.T ! N

5I5 /0 o 1 /

., 5 . /o ,I,.5 _2 3L Q . - C.I "

z g

IS 59- . JO,0€,,5 /o i ' 35 0 O hoiic~lO

___ ,, _____ _,_ , Cq ," o -, o- .jo 16,I 
qSq 

-'(D. ( 1, ,1- "

q.0

7, Jo_,___

_ _ _ _ _ _ _ _ _



RAW DATA SUMMARY SHEET (96hr)

COMPOUND _____ __ CAS_

* TEST #, __ VENDOR/LOT #
------------------------------------------------

Cl~nlt10 6 o O0
2 3 IT

_,_ _-._ _. .. _ _ , -,1_ ,, 3

__ _ _ __ _ _ o', /,aI ,_0_ _,__ _.._0 0 , !, 0 -- 2 -2 q .
11, 2 7, 40 yI, ol-o

__ .____7 Jo 3TL, b-960-;, (- /
A .o 2 , 333 20~,C l~

- 460 , 71,65 " ;.L

I, o.__ -- -------- - . 2q~ j~o l(o

132.0

; s 149 1,0 10c)1i



&AW DATA SUMMARY SHiET -.ifr).
COMPOUND SCAS *...

TEST #. _ _ _ _ _ _ _ VENDOR/LOT #

.. ... __ .._.._... -,

1,0 0/ - / . /,6 ) " 60 )

: 0 ,O .00.

. / 0,I/ i .o q..oa .j.J../ t~_ =.
0,0 . Ai -,0 .&L

o 0o o0. ,O.0/ 3,, 4: I ,tq .z-o~ of , ,

__ _ ___"_ _ 0 . ,o) . 0 & ,3 / S . 1 , '1Q zo / o,. o6

_ _ _ __,._ _ _ _ _, L/ i ., q .

_ _ _ _ _ _ _ _ 5 /o ,z),O O _._ _ _

I/ ,q 17,, IRA, 5~ I

A 0

150 00f

,__ __ _ __3s_ _.~ ~ '
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ; Lo ,3 jq q~

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ L/ £4 .qq ~



MAW 2AT SUMMARY SHEET (96hr) ~

COMPOUND -G.45 Pekpt-L &aC CAS *___________

* TEST # _ _ _I VENDOR/LOT #
--------------------------------------------------------------- -

0,0 .0/
,6 ,Z'., ~ , , 3 01 a,

7 6O,/ I ,o'o0 "o 9,o, I

/ ,, / /. .o oq,o,2.. 3 ,

C)(, 0 oil s .
.3 ~, .0o, oq /24~' .6t

01 65C~. 0 ,0/.0: 5, /.

7 5 O 2 J% 2 7 I, - ,,o,?/ o / -
/0 0, : g S7, 3

jCq-7, Xi

O2



MW_ 2MtI SUMMARY SH~EET (96hr) IV&w,COMPOUND I- CAS _______

TEST # b_" e_ _ r_- __ VENDOR/LOT #
------------------------------------------------------

C.ONU. .N'TRAUQIN (. /TU- ORT.LITY T, tIALFORMI j QN ,

_ _Noa_ _ ,,7 , a t

/ L . / ,O ,/,, .. , 17 ,f.J3S --,,3

_ __ _ __ _ c, 0 ,6 , o :. I1 o 1.q_,o.,p

0,~ j ~ ~~j : 01

7 ~ ~ (3 3.,5

£10 0 ,o I~o /, 0 --- -7
0/00 0 // 10 You

z e l ,,, 1

___n_%aILL_/s__2-0 -

5 __0

.... .... ....



RAW RAT SUMMARY SHE (96hr) 6 PeOAA

COMPOUND k L "AC4* CAS #

O TEST # 4 VENDOR/LOT #

_ _ _ _ _ _ _ , o o ,

__ _ __,__ _ ( o , o o J (, . 4,/..2C'9g
iI .0 .2- .4Lq -C

/ 0,0 10 C) '0-

o7__ _ __ _ 0 C) 2 ~2q C

___ __ 0 6I , ./,

/6) "; 7 I. -( ,

7,, - OU ~ o 1</, ;/, .___.__

4O C



E.1TL 5UMMARY SHET (96hr)

COMPOUND'r~ ~ ( 1~~ CAS II -

TEST # 4 I TEST UNITS_

FETAX CONTROL MORT. (N,%) . FETAX CONT. MALF. (N,%-:

SOLVENT CONT. MORT. (N,1) k SOLYENT CONT. MALF. (N,%).

CONTROL LENGTH ___ __ cm MCIG VIS

LC50 (MORT.) . .. 95,, CONFIDENCE LIMITS __.o3-- .A' '
STATISTICAL TEST USED L',n-,scd L\,v c,'

EC5' (MALF.) 07 95% CONFIDENCE LIMITS ,.L -

TI STAT IST IC AL TEST USED L ; f-.4ei -'. '

MOFTALITY MALFORMATION STATISTICAL TEST USEL

WOEL L . NOEL fr 17'

LOEL 01.7i LOEL P!:.________,_,_

METAEOLIC ACTIVATION

FETAX CONT. MORT. (N,%) FETAX CONT. MALF. (N%)

SOLVENT CONT.MORT. (N,%) .SOLVENT CONT.MALF. (N,%)

MAS CONT. MORT. (N ' MAS CONT. MALF. (I%)

MAS+SOL. CONT. MORT. (N.%) _ MAS+SOL. CONT. MALF. (Ni%)

CYCLOFHOS. CONT. MORT. CYCLOF'HOS. CONT. MALF.
(4."0 MG."ML> (4.0 MGiML)

COMAS+TOX. CONT. MORT. COMAS+TOX. CONT. MALF.

( ) ()

MAS+SOLVENT CONTROL LENGTH cm MCIG

LCS' (MOFT.) '?5" CONFIDENCE LIMITS
STATISTICAL TEST USED

EC.tC (MALF.) 95:/ CONFIDENCE LIMITS
STATISTICAL TEST USED

TI

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL NOEL

LOEL LOEL



RAW pTA SUMMARY SHEET (hr)

COMPOUND e I r(itl huO/'l CAS 1 1L

-* TEST i e J4 -

QONCENTRAT ION i v/v MORTALITY % MALORMATION %

o.

2, 6 /.~~-,..J./

;2 7t A) __b__ A-

-,./6w ______._



FETAX SUMMARY jHEET (96hr)

1 1

TEST # f L TEST UNITS_ V/'

FETAX CONTROL MORT. (1,%)'L- FETAX COIT. MALF. (N,

SOLVENT CONT. MORT. (NA) SOLVENT CONT. MALF. (N,%) A

CONTROL LENGTH qoqu9b cm MCT- \. /

LC50 (MORT.) j.L./ 95% CONFIDENCE LIMITS 1 -S
STATISTICAL TEST USE' L, U,4elti-

EC50 (MALF.) , i-n 5:* CONFIDENCE LIMITS a,."- -R-115
STATISTICAL TEST USED ,-L,k(c(k-c

MORTALITY MALFORMATION STATISTICAL TEST USED

NOE._, .A N"IOE" 0. "' X,-),,, &

LOEL ' LOEL . A),-, , W5

METABOLIC ACTIVATION

FETAX CONT. MORT. (N,%) FETAX CONT. MALF. (N,__'_)

SOLVENT CONT.MORT. (N,"i) _ SOLVENT CONT.MALF. (N,'%)

MAS CONT. MORT. (N,") MAS CONT. MALF. (I,,)

MAS+SOL. CONT. MORT. (N.%) MAS+SOL. CONT. MALF. (Nl%)

C'(CLOFHO-. CONT. MORT. CYCLOPHOS. CONT. MALF.
(4.,-) MG,,'ML ) (4. 0 MGiML)

COMAS+TOX. CONT. MORT. COMAS+TOX. CONT. MALF.

( ) ()

MAS+SOLVENT CONTROL LENGTH cm MCIG_

LCS0 (MOFT.) __ 5". CONFIDENCE LIMITS
STATISTICAL TEST USED

ECC " Wl,:,LF. ) ___._., CONFIDENCE LIMITS
STATISTICAL TEST USED

Ti

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL NOEL_

LOEL LOEL

*



RAWDATSU M-MaRY SHEET (96hr)

cOM~o~r. I,' ~ -'n ( 4,ec CAS * I 144 7

* TEST *_ _ __ _ _ __ _ _

CONICENTRAT ION t I oRTaLITY % MALPOFlR~UjQ~

/"n T(? L C)

-3, 6)5*



ETAX SUMMARY SHEET (96hr)
COMPOUND 11 ,lA / CAS # // 9-'- .2

TEST # , TEST UNITS__ __ ___

FETAX CONTROL MORT. (14,%)_ ,FETAX CONT. MALF. (N,%' 'f/

SOLVENT CONT. MORT. (N,%.) SOLVENT CONT. MALF. (N,'%__)

CONTROL LENGTH_ * , cm MCIG /. 7

LC5O (MORT.) '5% CONFIDENCE LIMITS ___-_2 -_-_
STATISTICAL TEST USED L..,Iy.,/- ,1C.Z,-.

EC50 (MALF.) _____ 95% CONFIDENCE LIMITS I.7-Y9- ;;. //f
STATISTICAL TEST USED L,,c- /, '

TI 1-C "-)

MORTALITY MALFORMATION STATISTICAL TEST USED

N',IOEL .Q .,2/"  NOEL .- ' "_ __"_,_ _

LOEL ____- LOEL - ,___,"" __ ____"/,_

METABOLIC ACTIVATION

FETAX CONT. MORT. (N,%) FETAX CONT. MALF. (N%%)

SOLVENT CONT.MORT. (N,.) SOLVENT CONT.MALF. (N.,%)

MAS CONT. MORT. (N, %) MAS CONT. MALF. (14,%)

MAS+SOL. CONT. MORT. (N,') MAS+SOL. CONT. MALF. (Nl%)

CYCLOFHOS. CONT. MORT. CYCLOPHOS. CONT. MALF.
(4..'- MG/ML) (4.0 MG/ML)

COM'AS+TOX. CONT. MORT. COMAS+TOX. CONT. MALF.
( ) (

MAS+SOLYENT CONTROL LENGTH cm MCIG

LC50 (MORT.) ?5:: CONFIDENCE LIMITS
STATISTICAL TEST USED

EC50 (MALF.) __5___._ CONFIDENCE LIMITS
STATISTICAL TEST USED

Ti

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL NOEL

LOEL LOEL

0



RAlW DATA SUMMARY SHEET (96hr)

COMPOUND _ /' CO/ CAS # ' -

TEST #________ __

CONCENTRATION M. V/,_ MORTALITY % MALFORMATION %

2 0-

2 1 7 _ _ _ _ _ _ _ _ _ _ _ _/ ..

,/ ;.-



&tL
FETAX SUMMARY SHEET (96hr)

0 TEST #___ -I- ____ TEST UNITS

FETAX CONTROL MORT. (N,%) 4..Y FETAX CONT. MALF. (N,;, £'o I.
SOLVENT CONT. MORT. (N, %) -----_ SOLVENT CONT. MALF. (N, %)

CONTROL LENGTH 0.2 cm MCI@ /. -

LC50 (MORT.) _._7 95% CONFIDENCE LIMITS -Z3"
STATISTICAL TEST USED

EC5(O) (MALF.) _ ?5___ 1 CONFIDENCE LIMITS_.ZQ 1.±3

STATISTICAL TEST 
USED _ __L_-_

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL___ NOEL_ _ :h ,)4

LOEL 2 LOEL_ _.
_ _

METABOLIC ACTIVATION

FETAX CONT. MORT. (N,%) FETAX CONT. MALF. (N.,%). SOLVENT CONT.MORT. (N __:) SOLVENT CONT.MALF. (N,%)

MAS CONT. MORT. (N,%) MA5 CONT. MALF. (N %)

MAS+SOL. CONT. MORT. (N,%) MAS+SOL. CONT. MALF. (NI%)

CYCLOPHOS. CONT. MORT. CYCLOPHOS. CONT. MALF.
(4. :) MG/ML) (4.0 MG/ML)

COMAS+TOX. CONT. MORT. COMAS+TOX. CONT. MALF.

( ) ( )

MAS+SOLVENT CONTROL LENGTH cm MCIG

LC50 (MOFT.) _ _ 5". CONFIDENCE LIMITS
STATISTICAL TEST USED

EC5' (MALF.) 5.9 CONFIDENCE LIMITS
STATISTICAL TEST USED

Ti

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL NOEL

LOEL LOEL



RAW DATA SUMMARY SHEET (96hr)

COMPOUND AC 0-7'& - CAS #

-0 TEST #__

CONCENTRATION MORTALITY % MALFORMATION %

_ - _ .,_ (a_-

_ ._ _ _ _/_ _ k'
_ _ _ _ _ _ _ _ _



FETAX PUMMARY SH9E (6hr)

COMPOUND cr-. CAS # ('1 1 1
TEST #__________ TEST U NTS~

FETAX CONTROL MORT. (14,%) L374' FETAX CONT. MALF.(N,%) -7 %"

SOLVENT CONT. MORT. (N9%) --_ SOLVENT CONT. MALF. (N,%) --- _

CONTROL LENGTH A)' I cm MCIG /.

LC5O (MORT.) 49 S T 95% CONFIDENCE LIMITS d./0 '

EC50 MALF. 14-1 STATISTICAL TEST USED. lAi
EC50 (MALF.) . TTA95% CONFIDENCE LIMITS 60 pa$5J.

TI STATISTICAL TEST USEDTI -

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL ..2Q NOEL 1. 0 L ..# f"
LOLL J.-- LOEL _.._ _ _ _

METABOLIC ACTIVATION

FETAX CONT. MORT. (N,%) FETAX CONT. MALF. (N5.)

O SOLVENT CONT. MORT. (N, -/) SOLVENT CONT. MALF. (N, %)

MAS CONT. MORT. (Ni,.) _MAS CONT. MALF. H,.)

MAS+SOL. CONT. MORT. (N,%) MAS+SOL. CONT. MALF. (N%)

CYCLOFHOS. CONT. MORT. CYCLOFHOS. CONT. MALF.
(4.) MG/ML) (4.0 MG/ML)

COMAS+TOX. CONT. MORT. COMAS+TOX. CONT. MALF.( ) ()

MAS+SOLVENT CONTROL LENGTH cm MCIG

LCSo (MORT.) 95,; CONFIDENCE LIMITS
STATISTICAL TEST USED

EC50) (MALF.) 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

Ti

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL NOEL

LOEL LOEL

0@



RAW DATA SUMMARY SHEET (96hr)

COMPOUND A SZ CAS #

TEST #

CONCENTRATION _ 1. MORTALITY % MALFORMATION %_

),JTo C

ho~s ___ ______

_____ _2__0 t_ __ _

2....o /¢'

_ _ _ _ _ _ _ o..J 1'o10-0



FETAX rUMMARY SHET 196hr)

COMPOUND 4 6;c"Lc •  CAS # F- 6" - j

TEST # TEST UNITS V/ o

FETAX CONTROL MORT. (N,%) 30 0 FETAX CONT. MALF. (N,%) C.?. 7

SOLVENT CONT. MORT. (N, %) SOLVENT CONT. MALF. (N, %)

CONTROL LENGTH -  cm MCIG I
LC50 (MORT. i'/ - 95% CONFIDENCE LIMITS i. '

I A/h STATISTICAL TEST USED !-

EC5' (MALF.) 1 ,-, 95". CONFIDENCE LIMITS *9(/. I
T 1 3- STATISTICAL TEST USED.-,

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL u' NOEL__, _________/__

LOEL )',: LOEL , 9 ,,'f

METABOLIC ACTIVATION

FETAX CONT. MORT. (N,%) FETAX CONT. MALF. (N.,%)

SOLVENT CONT.MORT. (N,%7.) SOLVENT CONT.MALF. (N,".)

MAS CONT. MORT. (Ni7._) MAS CONT. MALF. (N,.)

MAS+SOL. CONT. MORT. (N,%) MAS+SOL. CONT. MALF. (Ni%)

CYCLOPHOS. CONT. MORT. CYCLOPHOS. CONT. MALF.
(4.,- MGiML) (4.0 MGiML)

COMAS+TOX. CONT. MORT. COMAS+TOX. CONT. MALF.
( ) ()

MAS+SOLVENT CONTROL LENGTH cm MCIG

LCSO (MORT.) 95; CONFIDENCE LIMITS
STATISTICAL TEST USED

.ECS (MALF.) 95;" CONFIDENCE LIMITS
STATISTICAL TEST USED

Ti

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL _NOEL

LOEL LOEL

0



RAW DATA SUMMARY SHEET (96hr)

COMFOUND__,____,_"_________--__AS -A-

TEST #

CONCENTRATION MORTAITY % MALFORMATION %

./.2- ~ C. -

II,

_____A___ eL)_______



peT J _-

FETAX SUMMARY SHEET (96hr)

COMOUN~i7) CAS # 1
TEST # -... TEST U...ITS ) \/

FETAX CONTROL MORT. (N,%) So FETAX CONT. hALF. (N,% 1-7 " .3

SOLVENT CONT. MORT. (Nq%) SOLVENT CONT. MALF. (N, %)

CONTROL LENGTH 0 ,g cm MCIG_ _ __,_

LCE0 (MOFT.) I?: 95% CONFIDENCE LIMITS f.7 " '- /- 1
STATISTICAL TEST USEDE

EC5' (MALF.)i. " 95% CONFIDENCE LIMITS JL...-I ..

Ti 13 STATISTICAL TEST USED 
j. . .

MORTALITY MALFORMATION STATISTICAL TEST USED

1NOELL NOEL ..3. , 7
LOEL _ _ LOEL 1 __4

METABOLIC ACTIVATION

FETAX CONT. MORT. (N, %) FETAX CONT. MALF. (N,_._. SOLVENT CONT. MORT. (N, _ _ SOLVENT CONT. MALF. (N,%)

MAS CONT. MORT. (N %) MAS CONT. MALF. (I, )

MAS-+SOL. CONT. MORT. dJ2") ___MAS+SOL. CONT. MALF. (N ':)

CYCLOPHOS. CONT. MORT. CYCLOFHOS. CONT. MALF.
(4. ' MG.ML (4. 0 MG/ML)

COMiAS+TOX. CONT. MORT. COMAS+TOX. CONT. MALF.
( ) (

MAS+SOLVENT CONTROL LENGTH cm MCIG

LCEO (MOPT.) 05% CONFIDENCE LIMITS_
STATISTICAL TEST USED_

ECSC' ,MALF.; 5%_ . CONFIDENCE LIMITS
STATISTICAL TEST USED

Ti

MORTALIT'e MALFORMATION STATISTICAL TEST USED

tjOELI NOEL

LOEL_ LOEL



RAW DATA SUMMARY SHEET (96hr)

COMPOUND .IO CAS #

* TEST#

CONCRATION % MORTALITY % MALFORMATION .

_ _ _ ._ _,_"__ _,,.__.0

__ __1, ,171 ._"-___.

_ _ _ _ _ _77,.r 0cr'

__ ., __-_Ic:u --

* tat
a2 I _ _ ---.

trc



IEE_.AX SUMMARY SHEET .6hr)

COMOUND_ AS # ;7 -C1 -

TEST # TEST UNITS V/v

FETAX CONTROL MORT. (N,%) OIoW/FETAX CONT. MALF. (N,%) 51 -7./

SOLVENT CONT. MORT. (N,") SOLVENT CONT. MALF. (N,%)

CONTFOL LENGTH . cm MCIG 1 7
LC50 (MORT.) /. 71 95% CONFIDENCE LIMITS 1. 5 - / ) ;

STATISTICAL TEST USED C t ,wr
EC50 (MALF.) /-,,21 95% CONFIDENCE LIMITS /./ I- /.7

STATISTICAL TEST USED -
TI _ /

MORT .ITY MALFORMATION STATISTICAL TEST USED

NoEL NOEL I- .

LOEL___- LOEL I. 3 /_ ______

METABOLIC ACTIVATION

FETAX CONT. MORT. (N,%) FETAX CONT. MALF. (Nj%)

SOLVENT CONT.MORT.(Ns,.) _SOLVENT CONT.MALF. (N,_.)

MAS CONT. MORT. (NI%) MAS CONT. MALF. (N0:,)

MAS+SOL. CONT. MORT. (N,%) __ MAS+SOL. CONT. MALF. (N,%)

CYCLOFHOS. CONT. MORT. CYCLOFHOS. CONT. MALF.
(4.0 MGiML) (4.0 MG/ML)

COMAS+TOX. CONT. MORT. COMAS+TOX. CONT. MALF.

( ) ()

MAS+SOLVENT CONTROL LENGTH cm MCIG

LC50 (MORT.) 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

ECSO (MALF.) 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

TI

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL NOEL

LOEL LOEL



RAW DATA SUMMARY S (96hr)

COMPOUND CAS # 6/
T E ST #___________

CONCENTRATION (V/Ivf  MORTALITY % MALFORMATION %

"7 / ,3 ,j'O "01' 7

• . -0 el.e
/, a

1.; 0 _ _ __ _

_____________ ? }0 01~

.,-- ;9', ._________



FETAX SUMMARY SHEET (96hr)

COMFOUND CAS # -
_____-____

TEST # 5 TEST UNITS

FETAX CONTROL MORT. (N,%) /00, FETAX CONT. MALF. (N,%)

SOLVENT CONT. MORT. (N,%) SOLVENT CONT. MALF. (N,)_.)

CONTROL LENGTH • 3 1? cm MCIG /. -57

LC50 (MORT.) 9, ,5% CONFIDENCE LIMITS..- .2.3
STATISTICAL TEST USED L1 i'.,Id- /,iv .

EC50 (MALF.)L/- 95% CONFIDENCE LIMITS'- -

STATISTICAL TEST USED , Iti

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL - NOEL J -,__'___

LOEL -. LOEL] _________

METABOLIC ACTIVATION

FETAX CONT. MORT. (N,%) FETAX CONT. MALF. (N,%)

SOLVENT CONT.MORT. (N,%) SOLVENT CONT.MALF. (N,%)

MAS CONT. MORT. (N,%) _MAS CONT. MALF. (N0,%)

MAS+SOL. CONT. MORT. (N,%) MAS+SOL. CONT. MALF. (Nl%)

CYCLOPHOS. CONT. MORT. CYCLOPHOS. CONT. MALF.
(4.') MG.'ML) (4.0 MG/ML)

COMAS+TOX. CONT. MORT. COMAS+TOX. CONT. MALF.

( ) ( )

MAS+SOLVENT CONTROL LENGTH cm MCIG

LC50 (MORT.) _ _ 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

FC50 (MALF.) _ _ 5 "/• CONFIDENCE LIMITS
STATISTICAL TEST USED

TI

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL NOEL

LOEL LOEL



RAW DATA SUMMARY SHEET (96hr)

COMPOUND _- CAS #____ _- __

TEST # 3

CONCENTRATION ±.V44& ) MORTALITY % MALFORMATION %

°If

2o 
. -

1. 3 8 ______ ___._-

I ,_7 _ _ _ _ _ _ _ _i_ _ _ _-_ _ _ _

, I ,61

___ __ ___"_ __ _ c. "___ ____ __

'° r .i

0 ', Z



FETAX SUMMARY SHEET (96hr)

COMPOUND /&4;4'C 1' a ~ CAS # 7 ?~

TEST # 1 TEST UN'.ITS_______________

FETAX CONTROL MORT. (N,%) 0) 6.2SFETAX CONT. MALF.(N,%) 7Lg /

SOLVENT CONT. MORT.(N,%) SOLVENT CONT. MALF.(N,%)

CONTROL LENGTH *,7-5 5" cm MCG , 06

SOL. CONT. LENGTH cm

LC50 (MORT.) 24_ 95% CONFIDENCE LIMITS z16- ,
STATISTICAL TEST USED j.. ;c','e/d- ,.'oo~'

EC50 (MALF.) , o,24 95% CONFIDENCE LIMITS 6oI -

TI / STATISTICAL TEST USED . 4;/c kSo -

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL - NOELe 0_2 .___ ___of_ _-

LOEL '-i LOEL ,c0-7 &_______

METABOLIC ACTIVATION. FETAX CONT. MORT.(N,%) FETAX CONT. MALF. (N,%)

SOLVENT CONT.MORT. (N,%) SOLVENT CONT.MALF. (N,%)

MAS CONT. MORT.(N,%) MAS CONT. MALF.(N,%)

MAS+SOL. CONT. MORT.(N,%) MAS+SOL. CONT. MALF. (N,%)

CYCLOPHOS. CONT. MORT. CYCLOPHOS. CONT. MALF.
(4.0 MG/ML) (4.0 MG/ML)

COMAS+TOX. CONT. MORT. COMAS + TOX. CONT. MALF.
( ) ( )

MAS+SOLVENT CONTROL LENGTH cm MCIG

LC50 (MORT.) 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

EC50 (MALF.) 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

TI

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL NOELO LOEL LOEL



RAW DATA SUMMARY SHEET (96hr)

COMPOUND ./m ,-  4C' CAS# 7 "-7---

TEST # .- VENDOR/LOT #.,__-t ________- __

CONCENTRATION _ .. MORl iT % MAL. AION

_ _ _ _ _ __-_ _ _ __ _ _ _ _ 2, lt,

,o2_ (a __l_,_" ___

1 02 /oo

,_ __ __ __ _ __ _ __ __ oo
,* 3 ___ __ fo

((03

,1_ (o.s_ _ _

1750/d



PETAX SUMMARY SHEET (96hr)

COMPOUND A 1  icdCAS * 2 7
TEST # lr_ TEST UNITS /A7L/__/

FETAX CONTROL MORT. (N,%) t FETAX CONT. MALF. (N,%) 7, 

SOLVENT CONT. MORT.(N,%) SOLVENT CONT. MALF.(N,%)

CONTROL LENGTH . ,/ cm MCIG ___

SOL. CONT. LENGTH cm

LC50 (MORT.) S 95% CONFIDENCE LIMITS .4( -

STATISTICAL TEST USED '# f',
EC50 (MALF.) oO4 95% CONFIDENCE LIMITS .o34. -

TI /1I 3 STATISTICAL TEST USED , /4 - ' o/40 ) ±

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL_ U NOEL ___ 0 5IAC.e

LOEL -or LOEL_,__/ pa o o _ e_-

METABOLIC ACTIVATION

FETAX CONT. MORT.(N,%) FETAX CONT. MALF.(N,%)

* SOLVENT CONT.MORT.(N,%) SOLVENT CONT.MALF.(N,%)

MAS CONT. MORT.(N,%) MAS CONT. MALF.(N,%)

KAS+SOL. CONT. MORT.(N,%) MAS+SOL. CONT. MALF.(N,%)

CYCLOPHOS. CONT. MORT. CYCLOPHOS. CONT. MALF.
(4.0 MG/ML) (4.0 MG/ML)

COMAS+TOX. CONT. MORT. COMAS + TOX. CONT. MALF.( ) (

MAS+SOLVENT CONTROL LENGTH cm MCIG

LC50 (MORT.) 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

EC50 (MALF.) 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

TI

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL NOEL

LOEL LOEL



RAW 2ftrA_ SUMMARY SHEET (96hr)

COM~OUN f&~L...Jc CAS # 30

TEST # _ __ __17_ _ __ _ VENDOR/LOT #_____________Sl

CONCENTRATiON MDRTALJITY . MAL.ORMATION Z

._ _ _ _ _ _7 , 50 I__.-

.o ___ ___ ____, ___

___ ,_2 s- (I0
0 _F

• 13. ~



FETAX SUMMARY SHEET (96hr)

COMPOUND 6 -d(6'eA CAS #___________

TEST 4 c'- , TEST UNITS _k// /07A/1

FETAX CONTROL MORT. (N,%) 0 ,;YrFETAX CONT. MALF.(N,%) 75 ?

SOLVENT CONT. MORT.(N,%) ____ SOLVENT CONT. MALF.(N,%)_-

CONTROL LENGTH,? 7413/ cm MCIGQO,7 k' ;/A

SOL. CONT. LENGTH- cm

LC50 (MORT.)o30 Q 95% CONFIDENCE LIMITSO. 3 0?--0.0 /67
STATISTICAL TEST USED Z-- -

EC50 (MALF.) ), JLi 95% CONFIDENCE LIMITS.o /g - 0. 27Y

TI 2" # 3  -- STATISTICAL TEST USED 
Iw

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL_____ NOEL ____7 5 IV F e rr,Z 7--r,-

LOEL LOEL .0 / ___"_,,__

METABOLIC ACTIVATION. FETAX CONT. MORT.(N,%) FETAX CONT. MALF.(N,%)

SOLVENT CONT.MORT.(N,%) SOLVENT CONT.MALF.(N,%)

MAS CONT. MORT.(N,%) _MAS CONT. MALF.(N,%)

MAS+SOL. CONT. MORT.(N,%) MAS+SOL. CONT. MALF.(N,%)

CYCLOPHOS. CONT. MORT. CYCLOPHOS. CONT. MALF.
(4.0 MG/ML) (4.0 MG/ML)

COMAS+TOX. CONT. MORT. COMAS + TOX. CONT. MALF.
( ) ()

MAS+SOLVENT CONTROL LENGTH cm MCIG

LC50 (MORT.) 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

EC50 (MALF.) 95% CONFIDENCE LIMITS
STATISTICAl. TEST USED

TI

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL NOEL. LOEL LOEL



. . - - -, *., 7

__ -io j . - -w o_______ - ,,.

• 'CC'T: -L E 7 .,

0.0/35- -2r _ ___,

0.013 0D 0 0 ii _ -,_

0.0_ ( o j"g £ q.4 V ,IL

l. Izo 2.., Is- _d__ I.-- (C°

_ _ .. .. o /,, o v

coo / /0

i2" ... . ._ 
_

( .. . . .. . . .. . . ......- -.. . .

*1



FETAX SUMMARY SHEET (96hr)

COMPOUND iite/Aez ~ & CAS # ______

TEST # I9 ,/; _ (0/ TEST UNITS_ ,6/( ..I 0-

FETAX CONTROL MORT. (N,%) o f. WFETAX CONT. MALF.(N,

SOLVENT CONT. MORT.(N,%) SOLVENT CONT. MALF.(N,%)

CONTROL LENGTH . / 3 7 cm MCIG_ _________

SOL. CONT. LENGTH cm

LC50 (MORT.) AA. 95% CONFIDENCE LIMITS_ _____
STATISTICAL TEST USED k,-4 f,-

EC50 (MALF.) .0;Z105q 95% CONFIDENCE LIMITS .air? - o2y77_T
STATISTICAL TEST USED L--W

TI________

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL ,/ NOEL a go1v/-t F1',*
LOEL LOEL -. 15

METABOLIC ACTIVATION

* FETAX CONT. MORT.(N,%) FETAX CONT. MALF.(N,%)

SOLVENT CONT.MORT. (N,%) SOLVENT CONT.MALF. (N,%)

MAS CONT. MORT.(N,%) _MAS CONT. MALF.(N,%)

MAS+SOL. CONT. MORT.(N,%) MAS+SOL. CONT. MALF.(N,%)

CYCLOPHOS. CONT. MORT. CYCLOPHOS. CONT. MALF.
(4.0 MG/ML) (4.0 MG/ML)

COMAS+TOX. CONT. MORT. COMAS + TOX. CONT. MALF.

( ) ( )

MAS+SOLVENT CONTROL LENGTH cm MCIG

LC50 (MORT.) 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

EC50 (MALF.) 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

TI

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL NOEL. LOEL LOEL



o b e>_-

5 /a 7.r- 7 .f .o_,

4f- 2a I

"7 2F _

2 o t o ,
, 0 © of- ,Ui 2.. _ _.-

. ----(o -Io-a.-

/ i" __ . .. .. _o

[' -0 Ci:- . - -

- . ................ ....



FETAX SUMMARY SHEET (96hr)

COMPOUND I 7 -t ( CAS # _ _

TEST # P?- TEST UNITS /'

FETAX CONTROL MORT. (N,%) IO, ' FETAX CONT. MALF.(N,%)

SOLVENT CONT. MORT.(N,%) -- SOLVENT CONT. MALF.(N,%) -

CONTROL LENGTH q I-a* cm MCIG '

SOL. CONT. LENGTH - cm

LC50 (MORT.) .07#O 7 95% CONFIDENCE LIMITS .or- //
STATISTICAL TEST USED 1.- W

EC50 (MALF.) • o2Y'.S- 95% CONFIDENCE LIMITS.A'SL i" 3*

TI 3 
STATISTICAL TEST USED 

L.-t,

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL .7___ NOEL______ ___________
--

__

LOEL k. I LOEL ,o 4r

METABOLIC ACTIVATION. FETAX CONT. MORT.(N,%) FETAX CONT. MALF. (N,%)

SOLVENT CONT.MORT. (N,%) SOLVENT CONT.MALF. (N,%)

MAS CONT. MORT.(N,%) MAS CONT. MALF. (N,%)

MAS+SOL. CONT. MORT.(N,%) MAS+SOL. CONT. MALF.(N,%)

CYCLOPHOS. CONT. MORT. CYCLOPHOS. CONT. MALF.
(4.0 MG/ML) (4.0 MG/ML)

COMAS+TOX. CONT. MORT. COMAS + TOX. CONT. MALF.

( ) ( )

MAS+SOLVENT CONTROL LENGTH cm MCIG

LC50 (MORT.) 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

EC50 (MALF.) 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

TI

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL NOEL

LOEL LOEL



-_ . L.F' . TCTAL "

.. ; 3 I/." 't:: : - o ( ._ _ _ _ _ _ _ _ __7

° , . o __ _ _ _ _ -- 4 " --_ _

ooST_ o __.__ --"r

, o?,f- _,...- I. - --

o J-I 3 SO

( .. .. ..

1 1,0

21 _0



FETAX SUMMARY SHEET
1 Test No.

Test Material 4~/7lI ,

* Source Lab

CAS. 5? _/ .Lot No. V" Test Start Dateo
co.~o 5 -"< <"// *I- /I-

Composition Test End Date 92-
Solvent - Conc. Test units

_DAYI DAY2 DAY3 DAY4 DAYS5pH-
Stock_ _ _ _ __ __ _

Control Y -_ 7..
Highest Cone. -7'. 7w 3,f -7 > __"__

MORTALITY MALFORMATION

FETAX Control (No./total: %) 7. % "Z//'L : %

Solvent Control IZL-/.: 'g , %

Control Length mm Solvent Control Length mm

Minimum Concentration to Inhibit Growth (MCIG)

TEST MATERIAL/COMPOUND RESULTS

TEST MORTALITY MALFORMATION STATISTICAL TEST USED

,J ,INOEL __ _ _ _ _ _

LOEL ____ CJW

95° Confidence limits 95% Confidence I m ts Q . . -
TEST TREATOCENIC INDEX (TI) .,,J

CONTROL: 6 AMINONICOTINAMIDE (ANT) RESULTS

CONCENTRATION MORTALITY MALFORMATION

5.5 mg/m, ._.__ -/0

2500 mg/mi " : . % -%-- _____

CONTROL (A]N TERATOGENIC INDEX (TI)



FETAX RAW DATA SUMMARY SHEET (96 Hr.)

Compound CAfo-1 _ J ,- 1-/' , . '1 ", - e

l _est No. Vendor/Lot NO. - .6. ' 7 4,

CONCENTRATION % MORTALITY % MALFORMATION

I 1c)

C~CZ~5rp~ /~i/j/ __/____/_



Test Material I E lvftiatot/

Source o o

CAS No. , 7- -r Lot No. 41'FOT/ 0 ,.t S Test.tart Djte

CompositionTetEdDe

Solvent Conc. • Tet Units

DAY 1 DAY 2 DAY 3 DAY 4 DAY 5
-pH- I___ I __

Stock

Control ------- -,
Highest Coc.

MORTALITY MALFORMATION

FETAX Control (No./total: %) : /0% L : _5..%

Solvent Control - : __%

Control Length qL I4omm Solvent Control Length - mm

Minimum Concentration to Inhibit Growth (MCIG) , / ,,// /

TEST MATERIAL/COMPOUND RESULTS

TEST MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL ______ I 7~-

LOEL ________~ ~

LC50 E-"--.>. .C... 50

95% Confidence limits 95% Confidence Limits /, - .

TEST TREATOGENIC INDEX (TI) =',5

CONTROL: 6 AMINONICOTINAMIDE (ANT) RESULTS

CONCENTRATION MORTALITY MALFORMATION

5.5 mg/ml - :% /_:_0 .0 %

2500 mg/ml '.L %1. O-2 /0
CONTROL (ANT) TERATOGENIC INDEX (TI) II



r,- i m^ iimvv uip UIi#V n i Onc i two nr.j

Compound CAS No. /-, , /

Test No. 6' Vendor/Lot No. -t(o 'c5

CONCENTRATION % MORTALITY % MALFORMATION

0 44

,o/ ./06 __ _ _ _ _ _

c_ _ _ _ _ ,'



' FETAX SUMMARY SHEET i TestN

Test Material netatty,#fm'-

* Source < 3Lab b

CAS No. -6 Lot No./7,/ .4 Test Start Date

Composition Test End Date

Solvent - Conc. - Test Units - - /

DAY I DAY 2 DAY 3 DAY 4 DAY 5pHw
Stock L5 i. 5

Control ___ 7/ 7/
Highest Conc. _____~.L3~~~

MORTALITY MALFORMATION

FETAX Control (No./total: %) /...±L" .....% /,.L, I ' %

Solvent Control - % : -%

Control Length L. - mm Solvent Control Length - mm

Minimum Concentration to Inhibit Growth (MCIG) /

TEST MATERIAL/COMPOUND RESULTS

F7TEST k MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL if 0. / , )1.nA
/ "o" :z.  ,,/ :

LC5o "-" . EC50 /0q /o-- ,

95% Confidence limits 9 onfidence Limits

TEST TREATOGENIC INDEX (TI) /

CONTROL: 6 AMINONICOTINAMIDE (ANT) RESULTS
CONCENTRATION MORTALITY MALFORMATION

5.5 mg/ml 4 _q/._

2500 mg/mi O :/.% :

CONTROL (ANT) TERATOGENIC INDEX (TI)



FETAX RAW DATA SUMMARY SHEET (96 Hr.)

Compound CAS No. 41

Test No. Vendor/Lot No. 4-F

CONCENTRATION % MORTALITY % MALFORMATION

A__ o '1% _ _ _ _ _

2. o c? _ _ _ _ _ __o_ _ _---_

r _ _ _ _ __/_ _ __ _ _



FETAX SUMMARY SHEET
Test No. D -

Test Material

CAS No. Lot No.. Teat Start Date

Composition/Purity Tet En Oat*

Solvent U Conc. Test Units (i.e., mg/mt)

DAY ! DAY 2 DAY 3 DAY 4 DAY 5

Stock 71o Q 0_
Control 4$ _57

Highest Conc. 7 / 75 p -

FETAX CONTROL MORTALITY MALFORMATION
No. Deed or Malformed RECORD RECORD

X 100 %
Total Nutier 77l* 7,.:.J. 170 ;I 7L

Solvent Control -": ":: X 100 a - = X 100= ""%

Control Length ? 19, q mm Solvent Control Length mm

Minimum Concentration to Inhibit Growth (MCIG) 0. c /

TEST MATERIAL/COMPOUND: RESULTS

=TEST MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL - -' 1-'; -1~ 1
LOEL 7  7 L

LC50 0 , izt '.,. - EC50  - / . .. i:
95% Confidence limits ,9% Confidence Lmts ./

TEST TERATOGENIC INDEX (TI = LCso /ECo,,  / '1

POSITIVE CONTROL: 6 AMINONICOTINAMIDE (6-AN) RESULTS

CONCENTRATION MORTALITY MALFORMATION

5.5 mg/ L _jj 2 y : X 100- L % -aeq x 100 W _Z %

2500 mgiL II :_..._X 100 aI.% L - .X100z -



FETAX RAW DATA SUMMARY SHEET (96 Hr.)

Test Material * CAS No.

Test No. Vendor/Lot No. 4 7 oqVoO

CONCENTRATION % MORTALITY % MALFORMATION

ILII

0. c. 0 "I _". ,.q

(. oi/ 72 ic
(. C i' iD ._____-__

Cc , -t'AT V ______-__

~<-~7F _ ____ ___



FETAX SUMMARY SHEET

1 _Test No. ~I

Test Material P r Pk- kLa z - Investigator , // Y A"

* Source La

CAS No. ~/--Lot No. ef6?zTest Start Date

Composition ,.Test End Date ' ,/L4 -k
Solvent ," Conc. -s Units

-p DA l DAY 2 DAY 3 DAY 4 DAY 5

Stock _ _ _ _ __"

Control __/ 7" 10 __7-3

Highest Conc. T Z "7* 7"/ ____

MORTALITY MALFORMATION

FETAX Control (No./total: %) _ __1/{ : 0% :

Solvent Control - - %

Control Length q mm Solvent Control Length . mm

0 Minimum Concentration to Inhibit Growth (MCIG) / .

TEST MATERIAL/COMPOUND RESULTS

TEST MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL / , / ,- . _ '-- ,.

LOEL

C5 i , 5 0  " -

95% Confidence limits V '7* T 5/ Confidence Limits

TEST TREATOGENIC INDEX (TI)

CONTROL: 6 AMINONICOTINAMIDE (ANT) RESULTS

CONCENTRATION MORTALITY MALFORMATION

5.5 mg/mi /_____ : ,, %?: " %

2500 mg/mi 5 0/4"Q : OC % : -

CONTROL (ANT) TERATOGENIC INDEX (TI)



FETAX RAW DATA SUMMARY SHEET (96 Hr.)

SCompound -2 zt .CAS No. 6/ gq1
Test No. ,Q, ~Vendor/Lot No. ~ / ~

CONCENTRATION % MORTALITY % MALFORMATION

z4co ,I 1 _9 q_ _ _%

A. a __ _ _ _ _.6 __

_IIII I7

S__i



Test No.

Test Material Ivesti.ato 4,

Source Lab

CAS No. ,/_ ._ Lot No. e ant Stat at*,'"'../-,

Composition Tt End Dat,. e -/?

Solvent Couc. Test Units

DAY 1 DAY 2 DAY 3 DAY 4 DAY 5
-pH- -
Stock e-. ' /

Control _ _ _ _ _ _ _ _ _ _ _ _

Highest Conc. . _ _ "_.. _

MORTALITY MALFORMATION

FETAX Control (No./total: %) 0 : - % -;i: 0/%

Solvent Control % -%

Control Lengthq. i/. mm Solvent Control Length - mm

Minimum Concentration to Inhibit Growth (MCIG) I. ( ,n '.

TEST MATERIAL/COMPOUND RESULTS

TETMORTALITY MALFORMATION STATISTICAL TEST USED

NOEL F _ _ _ vA ?i~i44
LOEL ______/~

i!ti

LC5 0  -EC 50

95% Confidence limits . -% f." 95% Confidence Limits
F-z --)2Z

TEST TREATOGENIC INDEX (TI) -Z II

CONTROL: 6 AMINONICOTINAMIDE (ANT) RESULTS

CONCENTRATION MORTALITY MALFORMATION

5.5 mg/ml -0/ 0

2500 mg/ml _ _ _ : ... % 1-7 : / (

O CONTROL (ANT) TERATOGENIC INDEX (TI)



rr.ic I A n VV ULAl I/A OUIVIAMI T Orlr~t I InJ fir.)

jCompound P e!0tCAS No. '-/9
Test No. Vendor/Lot No.

CONCENTRATION % MORTALITY % MALFORMATION

A_ 0 /96

_ .c __ ,____ c-c_',_
/. V ________0

_ _ _ _ _ _ _ _ _/*ci

" / --- ....doC



The Raw Data for Trichloroethylene, Acetone and Dimethyl
Sulfoxide Are Contained Within the Text of the Solvent

Interaction Study.

0

0



MrAL_ 5W.2AU H FT j96hr) _.

COMPOUND~( CAS 0 -/
TEST #.. '.,,-' / TEST UNITS ,

FETAX CONTROL MORT. (N,)IETAX CONT. MALF. (N,%. C!

SOLVENT CONT. MORT. (N,1'-) LL/0SOLVENT CONT. MALF. (N,'.) AIA
COJTF:OL LENGTH cm MCIG

LCS0 (MOT.,/, 055. 95% CONFIDENCE LIMITS
STATISTICAL TEST USED_

EC (MALF. % CONFIDENCE LIMITS__

T 'TvATISTICAL 
TEST USED_

MOFTALITY MALFORMATION STATISTICAL TEST USED

NOE..____ NOEL __________________

LOEL LOEL

METABOLIC ACTIVATION

FETAX CONT. MORT. (N,%) FETAX CONT. MALF. (N,%)

SOLVENT CONT.MORT. (N,%) SOLVENT CONT.MALF.(N,%)

MAS CONT. MORT. (Nil%) MAS CONT. MALF. (N,%)

MAS+SOL. CONT. MORT. (N.% __)_MAS+SOL. CONT. MALF. (NI%)

CYCLOPHOS. CONT. MORT. CYCLOPHOS. CONT. MALF.
(4. 0 MG.'ML) (4. 1:1 MG/ML)

COMAS+TOX. CONT. MORT. COMAS+TOX. CONT. MALF.
( ) ()

MAS+SOLVENT CONTROL LENGTH cm MCIG

LCtCO (MOFT.) 95'. CONFIDENCE LIMITS
STATISTICAL TEST USED

ECV=:) (MALF.) 95:. CONFIDENCE LIMITS
STATISTICAL TEST USED

T!

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL NOEL

LOEL LOEL0



RAW DATA SUMMARY SHEET (96hr)

COMPOUND Tr 1 I, rLC ',q CAS * "7 '? /4

S TEST #___________
(

.1i

CONCENTRATION V. V .. MORTALITY % MALFORMATION %

a . - .-", __..,-----.,. ___

__ - I -4

_____________________ 1



The Raw Data for 6-Aminonicotinamide is not contained because it
was supported by another grant.



FETAX SUMMARY SHEET (96hr)/1;" --- --

COMPOUND I / .'IfA'9§." Y". CAS #

TEST # TEST UNITS_ _ _ _

FETAX CONTROL MORT. (N,%) _______FETAX CONT. MALF. (N,%) ?% //.,

SOLVENT CONT. MORT. (N, %) SOLVENT CONT. MALF. (N, 7.)

CONTROL LENGTH . 7 cm MCIG_- _._ _

LC50 (MORT.) / 95% CONFIDENCE LIMITS , ./?."'
STATISTICAL TEST USED t,.-

EC50 (MALF.) ______ 95% CONFIDENCE LIMITS , - .- .13?

TIISTATISTICAL 
TEST USED I. "

MORTALITY MALFORMATION STATISTICAL TES- USED

NOEL NOEL

LOEL LOEL

METABOLIC ACTIVATION

FETAX CONT. MORT. (N,%) FETAX CONT. MALF. (N,'.)

SOLVENT CONT.MORT. (N,%) SOLVENT CONT.MALF. (N,%)

MAS CONT. MORT. (Nl%) MAS CONT. MALF. (N,%)

MAS+SOL. CONT. MORT. (N,%) MAS+SOL. CONT. MALF. (Nl%)

CYCLOPHOS. CONT. MORT. CYCLOPHOS. CONT. MALF.
(4.'0 MG/ML) (4.0 MG/ML)

COMAS+TOX. CONT. MORT. COMAS+TOX. CONT. MALF.
( ) ()

MAS+SOLVENT CONTROL LENGTH cm MCIG

LCS0 (MORT.) 95:: CONFIDENCE LIMITS
STATISTICAL TEST USED

EC50 (MALF.) 95. CONFIDENCE LIMITS
STATISTICAL TEST USED

TI

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL NOEL

LOEL LOEL0



RAW PA- SUMMARYEET (96hr-)

COMOUND.~~t- A4Z CAS # &c~~~

TEST # of,

QONCENTRATION (Mj* MORTALITY % MALFORMATION %

. 1 _II,_/

_ _ _ _1 _ _ _ _ _ _ _ : _ _ _ _ _ _ _ _

.- , /.

0



FETAX 5UMMARY SHEET (96hr)

COMPOUND .' • - CAS -

TEST # TEST UNITS -

FETAX CONTROL MORT. (N,%) ;2. FETAX CONT. MALF. (N,%) 7 /7 -/

SOLVENT CONT. MORT. (N,',.) SOLVENT CONT. MALF. (N,"%__)

CONTROL LENGTH_ _ _ _ cm MCIG 

LCSO (MORT.) ______ 95% CONFIDENCE LIMITS .:/'-
STATISTICAL TEST USED "

EC5C (MALF.) 95% CONFIDENCE LIMITS o// - --

STATISTICAL TEST USED - .TI 5

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL IV P NOEL 1A'. /__.

LOEL_______ LOEL__ _

METABOLIC ACTIVATION

FETAX CONT. MORT. (N,%) FETAX CONT. MALF. (N __)

SOLVENT CONT.MORT. (N,%) SOLVENT CONT.MALF. (N,%)

MAS CONT. MORT. (Nl") _MAS CONT. MALF. (N%)

MAS+SOL. CONT. MORT. (N,%) MAS+SOL. CONT. MALF. (N,%)

CYCLOPHOS. CONT. MORT. _CYCLOFHOS. CONT. MALF.
(4.0 MG/ML) (4.0 MG/ML)

COMAS+TOX. CONT. MORT. COMAS+TOX. CONT. MALF.
( ) ()

MAS+SOLVENT CONTROL LENGTH cm MCIG

LCSC (MORT.) _ _95" CONFIDENCE LIMITS
STATISTICAL TEST USED

EC50 (MALF.) 95;" CONFIDENCE LIMITS
STATISTICAL TEST USED

TI

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL NOEL

LOEL LOEL0



RAW DATA SUMMARY SHEET (96hr)
) -

COMPOUND_ CAS # ! co- 2-

TEST #

CONCENTRATION (./"W IL MORTALITY % MALFORMATION %

(: ,,. y_ _ I_1

__ __ _ __ _ __ _ __ __ _ ________ f , 5-



_ETLAX E_.MM-aRY SHEET (96hr)

ComFoUND_____A____ CAS #

TEST #________ s(A TEST UNIT S_ _ __ _

FETAX CONTROL MORT. (N,%) FETAX CONT. MALF.(N,%)

SOLVENT CONT. MORT. (N, %) SOLVENT CONT. MALF. (N, %)

CONTROL LENGTH -7 VS3 a% cm MCIG . 15

LCSO (MORT.) >.30 95% CONFIDENCE LIMITS
STATISTICAL TEST UBED

EC50 (MALF.) _ __ 95% CONFIDENCE LIMITS A(02-.32,
STATISTICAL TEST USEDIt* ct,/dA--TI_> . ...._

MORTALITY MALFORMATION STATISTICAL TEST USED

1lOEL .- NOEL# /. _ _ _ _ _

LOEL - LOEL 452 __ _ __ _

METABOLIC ACTIVATION

FETAX CONT. MORT. (N,%) FETAX CONT. MALF. (N _%)

SOLVENT CONT.MORT. (N,%) SOLVENT CONT.MALF. (N%)

MAS CONT. MORT. (NO/) _MAS CONT. MALF. (N,%)

MAS+SOL. CONT. MORT. (N,%) MAS+SOL. CONT. MALF. (Ni%)

CYCLOPHOS. CONT. MORT. CYCLOFHOS. CONT. MALF.
(4.'0 MG/ML) (4.0 MG/ML)

COMAS+TOX. CONT. MORT. COMAS+TOX. CONT. MALF.

( ) ( )

MAS+SOLVENT CONTROL LENGTH cm MCIG

LCSO (MORT.) 95". CONFIDENCE LIMITS
STATISTICAL TEST USED

ECS' (MALF.) 95": CONFIDENCE LIMITS
STATISTICAL TEST USED

TI

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL NOEL

LOEL LOEL



RAW DATA SUMMARY SHEET (%hr)

TEST #_ _ _ _ _ _ _ _

.NCENTRATION MORTALITY % MALFORMATION %

6.0s1 q____CENRA ______

_ _._ __._ _ _ - 7- D

* 7,5 _ -7

.. _ _ _ __-I,_ _ _ _ _ _ _ _I9

_ ___ / __



FETAX SUMMARY SHEET (96hr)

COMPOUND A_______i ___ _ CAS # 5c-L4 -

TEST # TEST UNITS _ ___ ____

FETAX CONTROL MORT.(Nr) J FETAX CONT. MALF.(N,%) 9, 3,2-

SOLVENT CONT. MORT.(N,%) SOLVENT CONT. MALF.(N,%) /'4

CONTROL LENGTH 11,V4 cm MCIG / _ _ _

SOL. CONT. LENGTH A//oA cm

LC50 (MORT.) >4 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

EC50 (MALF.) >,, 1 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

T1

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL D NOEL

LOEL L) o 'Y '~ LOEL

METABOLIC ACTIVATION. FETAX CONT. MORT.(N,%) FETAX CONT. MALF.(N,%)

SOLVENT CONT.MORT.(N,%) SOLVENT CONT.MALF.(N,%)

MAS CONT. MORT.(N,%) MAS CONT. MALF.(N,%)

MAS+SOL. CONT. MORTz(N,%) MAS+SOL. CONT. MALF.(N,%)

CYCLOPHOS. CONT. MORT. CYCLOPHOS. CONT. MALF.
(4.0 MG/ML) (4.0 MG/ML)

COMAS+TOX. CONT. MORT. COMAS + TOX. CONT. MALF.
( ) ()

MAS+SOLVENT CONTROL LENGTH dm MCIG

LC50 (MORT.) 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

EC50 (MALF.) 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

TI

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL NOEL

LOEL LOEL



RAW DATA SU MMARY SHE (96hr)

COMPOUND_________z____,__ CAS # 61-L""

-O TEST # - VENDOR/LOT # S ./ -0 ?7

CONCENTRATION ... MORIALITY % MALFORMATLON V

, c' QL, q .______7*0050 _ _ _ __ _ _ _

,0 V_ 0

oo6__ _



~/

FFT..AX alMMARY &HF .96T_

COMPOUND PC'Z ~ CAS # .50 -3e'-;

TEST # TEST UNITS

FETAX CONTROL MORT.(N,%), 0 FETAX CONT. MALF.(N,%) 20, 0

SOLVENT CONT. MORT. (N,%) '4 0 SOLVENT CONT. MALF. (N,

CONTROL LENGTH D,0 o cm MCIG -

LC50 (MORT.) 0_.__ 95 % CONFIDENCE LIMITS
STATISTICAL TEST USED

EC50 (MALF. > *,0O 95' CONFIDENCE LIMITS ( - , 1
STATISTICAL TEST USED 1; J-,

TI \__1 __

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL ,_ NOEL 0o_50 ___w_.,

LOEL ' LOEL , 0076 -_,_

METABOLIC ACTIVATION

FETAX CONT. MORT. (N,%) 0FETAX CONT. MALF.(N,%) 8 0 O
SOLVENT CONT.MORT. (Ns%). 1 40 SOLVENT CONT.MALF. (N1%)0.5 57

MAS CONT. MORT. (N,%) '-4 0 MAS CONT. MALF. (N, 1 ) "10) O

MAS+SOL. CONT. MORT. (N, %)0 , MAS+SOL. CONT. MALF.(N %) '40

CYCLOPHOS. CONT. MORT. Or / YCLOPHOS. CONT. MALF.
(4.'0 MG/ML) (4.0 MG/ML)

COMAS+TOX. CONT. MORT. Ll 0, COMAS+TOX. CONT. MALF. qc o 0

MAS+SOLVENT CONTROL LENGTH . cm MCIG -

LCSO (MORT.)>'o, 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

EC50 (MALF.) 05% CONFIDENCE LIMITS (',c-
Ti O STATISTICAL TEST USED !. I //O,' .-

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL-, C r1 NOEL .0,CI _ -_'___.I_

LOEL_____ LOEL > ,O -___.___.. ____



RAW DATA SUMMARY SHEET (9hhr)

COMPOUND LvoCOO) Th'4 CAS *< ~2

"@ TEST #____ __

CONCENTRATION MORTALITY % MALFORMATION %

'.4,' P.,,- . 0 ____ _ ..__

,onA cIo 4 0 ____,3 _

AA A o o I0 5 0,'

• o o _ ___0 ___ __ __

jV p? -ob"

, 05 0 13, 3_ 40_

, 0 /"___ _. --3

.0 10 _ _ __

'00-5 C___ _ _____ ___Z _



E.F=.AX SUlMMARY SHEET ,196hr

TEMPTUN CAS # 6
_TEST # _, _ _ TEST UNITS s-n',

FETAX CONTROL MORT. (N,%) W, 0 FETAX CONT. MALF.(N,%) 3V

SOLVENT CONT. MORT.(N,%) qD, 2,, SOLVENT CONT. MALF.(N,%K. iL

CONTROL LENGTH _ _o_ cm MCIG

LC50 (MORT.) > ,oi 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

EC50 (MALF.) _0___- 95% CONFIDENCE LIMITS .oo, -.
STATISTICAL TEST USED L. L

TI _____t___

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL > 0 NOEL .00 (_z _ __

LOEL O\ LOEL 0O1 "_________

METABOLIC ACTIVATION

FETAX CONT. MORT. (N,%) 0 ) FETAX CONT. MALF. (N.1%) o

SOLVENT CONT.MORT. (N,%) _1011,S SOLVENT CONT.MALF. (N,%) -

MAS CONT. MORT. (Nl,%) 12 , MAS CONT. MALF. (N,%) 3, 2 : ,1

MAS+SOL. CONT. MORT. (N,%)(),MO MAS+SOL. CONT. MALF.(N,%) o,

CYCLOFHOS. CONT. MORT. '-4 ,60 CYCLOFHOS. CONT. MALF.
(4.') MGI"ML) (4.0 MGiML)

COMAS+TOX. CONT. MORT. 4) I COMAS+TOX. CONT. MALF. 90 ,-

MAS+SOLVENT CONTROL LENGTH -7 l4; cm MCIG____-

LC50 (MORT.) > O,0) 95% CONFIDENCE LIMITS
STATISTICAL TEST USED

EC50 (MALF.) (.001\ 95% CONFIDENCE LIMITS . L -- 0 3 L

Ti ;- STATISTICAL TEST USED L,'tL - !--VoiA /

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL C'. C' NOEL , 0 5 ," .

LOEL > O-1 LOEL .0OC 6 -_-_L__

0



RAW DATA SUMMARY SHEET (96hr)

COMPOUND t- r-efJ CAS # o ~.

TEST # 2-

CONCENTRATION /) MORTALITY % MALFORMATION %

F-TA y_ -~s_______ _

,c) -, 0 ;0 to

0o . 0 6-

--------,ooso G

.o Do-o 5 y

C) C

0 C) 2- 5

, ,.i- , o.o h 0 1__ .__.,,

,0050 0 f'75

_ _ _ ._ 7_ __5 !s 0 .(,

LZ



U_.TA W MMA R.Y SHLE T _(2 hr.)

V TEST # UecI TEST UNITS mro

FETAX CONTROL MORT. (N,%)gD I.2 FETAX CONT. MALF. (N,'/"7q

SOLVENT CONT. MORT. (N,) I SOLVENT CONT. MALF. (N,%) ).,

CONTROL LENGTH 0., 9%ou cm MCI Z. 1-,"

LC50 (MORT.) 3. 3 95% CONFIDENCE LIMITS S.' + ,- . 6-5'
STATISTICAL TEST USED /--Pi+ Pe&&-

EC,50 (MALF.) , 95% CONFIDENCE LIMITS -,/ -- 73S
T~IJ4 STATISTICAL TEST USED L.<Aw( h -

TI

MOFTALITY MALFORMATION STATISTICAL TEST USE'

NOEL , NOEL ' 1.75 f

LOEL L ' LOEL /. 75' , .-4

METABOLIC ACTIVATION

FETAX CONT. MORT. (N,.) FETAX CONT. MALF. (N %)

SOLVENT CONT. MORT. (N ,) SOLVENT CONT. MALF. (N ,)

MAS CONT. MORT. (N1%) MAS CONT. MALF. (N,%)

MAS+SOL. CONT. MORT. (N,%) MAS+SOL. CONT. MALF. (N%)

CYCLOFHOS. CONT. MORT. CYCLOFHOS. CONT. MALF.
(4.') MG/ML) (4.0 MG/ML)

COMAS+TOX. CONT. MORT. COMAS+TOX. CONT. MALF.
( ) ()

MAS+SOLVENT CONTROL LENGTH cm MCIG

LCSO (MOFT.) 95"; CONFIDENCE LIMITS
STATISTICAL TEST USED

EC5) (MALF.) _?5. CONFIDENCE LIMITS
STATISTICAL TEST USED

TI

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL 1_NOEL

LOEL LOEL_



RAW ATA SUMMARY S (96hr)

COMPOUND NO~. y CAS ' c~75 C1

. TEST # \A4,I

P tUNN R A IQ N ( _n j -k L M O R T A L I T Y . M A L F _ AT.J N %

L).

I. /7 1-7
__.____ C ___,___

-,. U, 
'

__ _ ,_ _ A 1 4. °
________________,/LX""

96) 0' LLL

ot,

6,, C 
______._.__

V"7,0 
_______



FETAX SUMMARY SHEET (96hr)

COMPOUND.150 L & Pfle'9 CAS # S4- V -- 7
TEST # 1 TEST UNITS___________

FETAX CONTROL MORT. (N,%) K) FETAX CONT. MALF. (N,%) "16

SOLVENT CONT. MORT. (N,0%) SOLVENT CONT. MALF. (N,%)

CONTROL LENGTH. 0 9C . cm MCIG .0

LC50 (MORT.) Z. 3+ 95% CONFIDENCE LIMITS _._ ____-_
STATISTICAL TEST USED ELD.-

EC50 (MALF.) I. 7 9% CONFIDENCE LIMITS

TI /+ STATISTICAL TEST USED IfI1-

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL 1 NOEL J, NOEJ'---T

LOEL "
_ _ LOEL / - V ""

METABOLIC ACTIVATION I7T 6.3

FETAX CONT. MORT. (N,%). _ FETAX CONT. MALF. (N%)

O SOLVENT CONT.MORT. (N,') __-_SOLVENT CONT.MALF. (N,%) -

MAS CONT. MORT. (N,7.) & MAS CONT. MALF. (N,7) 7 , .3

MAS+SOL. CONT. MORT. (N,'%.) MAS+SOL. CONT. MALF. (N,%)
CYCLOFHOS. CONT. MORT. Q0 -JCYCLOFHOS. CONT. MALF.

(4.0 MG.ML) (4.0 MG/ML)

COMAS+TOX. CONT. MORT. *7 COMAS+TOX. CONT. MALF. I( ( -2-

MAS+SOLVENT CONTROL LENGTH . l." cm MCIG I,

LC50 (MORT.)4-i.. 95% CONFIDENCE LIMITS -.1. 4 "-.Z-
STATISTICAL TEST USED -/ IA)

EC50 (MALF.) /T 7 95% CONFIDENCE LIMITS I, q -a
STATISTICAL TEST USED L./

MORTALITY MALFORMATION STATISTICAL TEST USED

NOELJ. NOEL_ _ J is 7171rtC

LOEL / ( LOEL I. (o _,



RAW DATA SUMMR SHEET

COMPOUND 5;j...4.-4' .. ( hkt, CAS #_____________

TEST # - - A i

CONCENTRATION (./.IL) MORTALITY % MALFORMATION %

_F_ _, _T" __ /. f, ..

- , A 47- -.

2.1 __-_o !

.___ ___ _
"_ _ "  10'0::

_ _ .. _ _ _ _ _ _ _ _"o _ _ _ _ _ _ _

*



FETAX SUMMARY SHEET (96hr)

COMPOUND C W N P 0 .b( 0 CAS # 'i: ,- - 7

TEST # 7)G - TEST UNITS v 1va,,

FETAX CONTROL MORT.(N,%) PC). 2.&FETAX CONT. MALF. (NI-) % ),G

SOLVENT CONT. MORT. (N,%) _ SOLVENT CONT. MALF. (N, _.)

CONTROL LENGTH .0 8 cm MCIG L. 0

LC50 (MORT.) d_-430 95%, CONFIDENCE LIMITS Z, Z-- .C,
STATISTICAL TEST USED .Jl/

EC50 (MALF.) t .-- 95,. CONFIDENCE LIMITS .1.6 -

STATISTICAL TEST USED_ ______

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL 2., NOEL I. - 'Z-IZI -.i '-fT&

LOEL LOEL 1. LL

METABOLIC ACTIVATION

FETAX CONT. MORT. (N %)) FETAX CONT. ML.( ')t

* SOLVENT CONT.MORT. (N.%) _ _ SOLVENT CONT.MALF. (N,) -

MAS CONT. MORT. (N,>) C) MAS CONT. MALF. (14

MAS+SOL. CONT. MORT. (N,%) - MAS+SOL. CONT. MALF. (Nl%)

CYCLOFHOS. CONT. MORT. I O..LLCYCLOFHOS. CONT. MALF. 4- n
(4.0 MG/ML) (4.0 MGiML)

COMAS+TOX. CONT. MORT. COMAS+TOX. CONT. MALF.

MAS+SOLVENT CONTROL LENGTH a... cm MCIG I,

LC50 (MORT.) ______ 95% CONFIDENCE LIMITS
STATISTICAL TEST USED_ __ __

EC 0 (MALF.) I'LI 95 ",. CONFIDENCE LIMITS 1 /-i.7
T I . STATISTICAL TEST USED •f

MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL NOEL . L J/I F7"S

LOEL ____ LOEL '1 __



RAW DATA SUMMARY SHEET (96hr)

C OMPOUNDgO:lIL4,t^ CAS_________#__

-~ TEST #7DFI j-S

.NCETRATION . MORTALITY % MALFORMATION %

FeI 7"4 'o K 0.(

4f o___ _o_
____- __-___ _._,__, _ 2 1 .2f

__ . __ __ __tO ____, _
- jr7

_ 17. S"' _T
Z_ 3z. . .

2., z S

0 .



FETAX SUMMARY SHEET r

1Test -No. b./ k
Test Material Investigator L8 4  -

SSource Lab L V 6

CAS No. Lot No. Test Stait Date 7//16/9
Composition Test End Date

Solvent Cone. 4/p Tes Units AA.__,__,__c_ = _______ __,____ ,-, -,_____

DAY 1 DAY 2 DAY 3 DAY 4 DAY 5- pH-_
Stock "'/ , _____, / .. ,. ,,,

Control

Highest 'Conc.

MORTALITY MALFORMATION

FETAX Control (No./total: %) R/go : 1/7. : _, .

Solvent Control , . : Av4 % 4; :

Control Length mm /o 5//$5 Solvent Control Length mm

Minimum Concentration to Inhibit Growth (MCIG) 2. 5

.TEST MATERIAL/COMPOUND RESULTS
TEST MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL

LOEL 31c)

95% Confidence limits 3, 0 " , 795% Confidence Limits . (:

TEST TREATOGENIC INDEX (TI) I I  ,I / 7'

3, 7 2-f,

CONTROL: 6 AMINONICOTINAMIDE (ANT) RESULTS
CONCENTRATION MORTALITY MALFORMATION

5.5 mg/mi :_% :_%

2500 mg/m- % %



FETAX RAW DATA SUMMARY SHEET (96 Hr.)

jTest Material I V -CAS No.

Test No. V.*dor/Lot No.

CONCENTRATION % MORTALITY % MALFORMATION

&J5 _____-_,

2,a5

L4 .57 -7Y

I0 too



FETAX SUMMARY SHEET '

_____ ____ _____ ____ ____ _____ ____ ___r est No. A
Test Material invetigator

Source Lob

CAS No. Lot No. Test start Dot*

Composition Test End Date

Solvent Conc. l Test tUitsm .

-p -DAY 1 DAY 2 DAY 3 DAY 4 DAY 5
Stock 7 '*./~_ _ _ _ _ _ _ _ _

Control

Highest Conc.

MORTALITY MALFORMATION

FETAX Control (No./total: %) 2- A? el__ 2.5% - : 79

Solvent Control 4 : 4_610...% L..
Control Length mm /o094Solvent Control Length min

o lMinimum Concentration to Inhibit Growth (MCIG)

TEST MATERIAL/COMPOUND RESULTS
TEST MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL o__ _ _ _ _ _ _ _

LOEL 41 .5 S,-75

CONTROL: 6 AMINONICOTINAMIDE (ANT) RESULTS
CONCENTRATION MORTALITY MALFORMATION

5.5mg/mi %___ % _ _ _ __ _

2500 mg/mi %___ % _ _ _ __ _



FETAX RAW DATA SUMMARY SHEET (96 Hr.)

Test Material ~ ~~CAS No.

Test No. (Ae-FP 2- e16 , d Vendor/Lot No.

CONCENTRATION % MORTALITY % MALFORMATION

-5

I I



FETAX SUMMARY SHEET Test No. -/

Test Material I tgt

Source 
Loa

CAS No. Lot No. Test Start Oat* ,. . -
Composition Test End Date

Solvent Cone'c. A: Test Units

DAY 1 DAY 2 DAY 3 DAY 4 DAY 5- pH-
Stock

Control

Highest Conc.

MORTALITY MALFORMATION

FETAX Control (No./total: %) ./..50 : .,. % h3 : 1. %

Solvent Control v -: - _% _eA- : A %

Control Length mmo q/og Solvent Control Length / mm,* Minimum Concentration to Inhibit Growth (MCIG) 4 70 O

TEST MATERIAL/COMPOUND RESULTS

TEST MORTALITY MALFORMATION STATISTICAL TEST USEDJ

NOEL /3-0 0 -

LOEL /5.0 q5 0  //

LC50 13, 513 ECs0 q

95% Confidence limits // , "/", I 95%/ Confidence Limits -/, n j /, 7

CONTROL: 6 AMINONICOTINAMIDE (ANT) RESULTS

CONCENTRATION MORTALITY MALFORMATION

5.5 mg/mi :_% % %

. 2500 mg/mi % %

CONTROL (ANT7) TERATOGENIC IN DEX (TI) I11



FETAX RAW DATA SUMMARY SHEET (96 Hr.)

Test Material J CAS No.

CONCENTRATION % MORTALITY % MALFORMATION

___ ___ __0 C ,n

I ; /Gtto
oIom

- Io _ _ _ _ __.-- ;,

_ _ __1_ _ _4/ _ ,---_ _



FETAX SUMMARY SHEET
_____________________________ BTest No. ./ F

Test Material Investigator

Source . obLabe .A

CAS No. Lot No. Test start Date

Composition Test End Date 611/96
Solvent /uj4- Conc. e)Test Units

m_

DAY 1 DAY 2 DAY 3 DAY 4 DAY 5
- pH-

Stock 7 5 -21 .. _---_ _

Control

Highest Conc.

MORTALITY MALFORMATION

FETAX Control (No./total: %) z :% 4Z7..: 2. %

Solvent Control , : 4 , 0 : %

Control Length Solvent Control Length mm

Minimum Concentration to Inhibit Growth (MCIG) C /

TEST MATERIAL/COMPOUND RESULTS

[TEST h MORTALITY MALFORMATION STATISTICAL TEST USED

N OEL 0/ 0 '6 7 ,, . / ,.v..

LOEL 2-/

LC5o 6,1 8 ECho5 ,/2
95% Confidence limits e ,l- ,/ 95% Confidence Limits , - " ,/.

CONTROL: 6 AMINONICOTINAMIDE (ANT) RESULTS
CONCENTRATION MORTALITY MALFORMATION

5.5 mg/mi :_% % %

2500 mg/ml :_%_ :%

CONTROL (ANT) TERATOGENIC INDEX (TI)
I.J



FETAX RAW DATA SUMMARY SHEET (96 Hr.)ITest Material (- R.x CAS No. 1
st No. Vedor/Lot No. I

CONCENTRATION % MORTALITY % MALFORMATION

.f6 7 _,_ - 77

.,_ _ _ _ _ _ _ _ ,__ _ " _ _._ .7

_,_ _ ._ _ _ _ 5 O ._ _ _ _ _ _ _

/-S / 0 (2

,20::20 10/(n

9 2



FETAX SUMMARY SHEET Test No.

Test MaterialTt. SourceLo

CAS No. Lot No. Ta Start Data

Composition Test End Date (

Solvent , - Conc. Tst Un ts

qDAY 1 DAY 2 DAY 3 DAY 4 DAYS5
pH -_ _,_,,

Stock "7, (P

Control "7, 5- 7 -_

Highest-Conc. "7, --)'
I-,

MORTALITY MALFORMATION

FETAX Control (No./total: %) / % JL/.7 : / 3 %

Solvent Control A 4 • % AN /

C-utrol Length mm q, (01 11 Solvent Control Length mm

* Minimum Concentration to Inhibit Growth (MCIG) o o

TEST MATERIAL/COMPOUND RESULTS

TEST Il MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL

LOEL 2.
LC50 0, "2 .EC50O /3

95%/ Confidence limits .2/ " , 95%/ Confidence Limits / - ]

TEST TREATOGENIC INDEX (TI) A' 7 lI

CONTROL: 6 AMINONICOTINAMIDE (ANT) RESULTS

CONCENTRATION MORTALITY MALFORMATION

5.5 mg/ml :_% % %

2500 mg/mi : % %

CONTROL (ANT) TERATOGENIC INDEX (TI)T



FETAX RAW DATA SUMMARY SHEET (96 Hr.)

TsMaeilCAS No.

STest No. f-) no • v,,,udo,./Lo, No.

CONCENTRATION % MORTALITY % MALFORMATION

,75 A °,

,1 7
t ! ¢ 2 ,A6

'A/& o7j

_/_ 2 0 _ _,_,,,

______ _3 7, S7



FETAX SUMMARY SHEET
L o ms = T e s t NO

Test Material MTe tar

Source Lo

CAS No. Lot No. T.at start Date A

Composition Test End Date

Solvent Co. 1T--i tsvent ,.,.,Coc.

DAY 1 DAY 2 DAY 3 DAY 4 DAY5
- pH-
Stock , 7, _

Control

Highest-Conc.

MORTALITY MALFORMATION

FETAX Control (No./total: %) ...4 : . % -0/0,: /,3..%

Solvent Control : -% :

Control Length mm , qW.3 Solvent Control Length mm

Minimum Concentration to Inhibit Growth (MCIG) € Z

TEST MATERIAL/COMPOUND RESULTS

TESTi MORTALITY MALFORMATION STATISTICAL TEST USED 3
NOEL 7 2- -

LOEL 7f______ / ~__________

LC50  O,"7(o EC50

95% Confidence limits O - ' 95% Confidence Limits n, C-,/3

TEST TREATOGENIC INDEX (TI) /7 9 l

CONTROL: 6 AMINONICOTINAMIDE (ANT) RESULTS

,CONCENTRATION MORTALITY MALFORMATION

5.5 mg/mi___ % % %

2500 mg/mi % .

CONTROL (AN7) TERATOGENIC INDEX (TI)



FETAX RAW DATA SUMMARY SHEET (96 Hr.)

Test Material C Q1 CAS No.

Test No. ,9lc/ , /eo Vendor/Lot No.

CONCENTRATION % MORTALITY % MALFORMATION

__ _A_ _ 26

,70______



FETAX SUMMARY SHEET T

Test Material Ivsiao

. Source Lab 9 W ?

CAS No. Lot No. Test Start Date

Composition Test End Date

olvent /tConc. -A&Test Units

_DAY 1 DAY 2 DAY 3 DAY 4 DAY 5
pH-

Stock ""7 7 _

Control . ', /

Highest-Conc. "-7/ -

MORTALITY MALFORMATION

FETAX Control (No./total: %) _ ' % :

Solvent Control % % :

Control Length mm (oL%/ Solvent Control Length /9 mm

Minimum Concentration to Inhibit Growth (MCIG) O. 2- 5

TEST MATERIAL/COMPOUND RESULTS

TEST MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL c5, ____,_. , //vt.Z .

LOEL I, .o, .1

LCso EC5 0

95% Confidence limits - , 95% Confidence Limits 0, "7 "-20, cD/6-

TEST TREATOGENIC INDEX (TI)

CONTROL: 6 AMINONICOTINAMIDE (ANT) RESULTS
CONCENTRATION MORTALITY MALFORMATION

5.5 mg/ml : % % %. 2500 mg/ml : % %

CONTROL (ANT) TERATOGEN!IC INDEX (TI) IIT



FETAX RAW DATA SUMMARY SHEET (96 Hr.)

Test Material CAS No.

Test No. 5k / Veador/Lot No.

CONCENTRATION % MORTALITY % MALFORMATION

,0.2 6 .__ ___,__

,, 0-2 5 x,,,
0_ _ _0 _ _ AL

, ___ __ ___ __ __._ "___,.,i__ ___ __1/_ _ _ _ _ _



FETAX SUMMARY SHEET Test No. -

Test Material Invest igator

O Source Lab

CAS No. Lot No. Test Start Date

Composition Test End Date ; 2

Solvent Conc. ATst Units

DAY I DAY 2 DAY 3 DAY 4 DAY 5-pH-
Stock ::2

Control

Highest Conc.

MORTALITY MALFORMATION

FETAX Control (No./total: %) 1221P : % 0/(o : %
Solvent Control 4/L: / % -o :%

Control Length mn r, 9/7 Solvent Control Length mm

Aft Minimum Concentration to Inhibit Growth (MCIG) ,

TEST MATERIAL/COMPOUND RESULTS

TEST MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL 5 __________

LOEL 5/
Lso , " (n EC5o0 O <

95% Confidence limits , -/) / 95% Confidence Limits O / , /

,TEST TREATOGENIC INDEX (TI) 4], "a 5W/1.C 7.

CONTROL: 6 AMINONICOTINAMIDE (ANT) RESULTS
CONCENTRATION MORTALITY MALFORMATION

5.5 mg/mi :_% % %

2500 mg/mi :_%_: %

CONTROL (AANT) TERATOGENIC INDEX (TI)



FETAX RAW DATA SUMMARY SHEET (96 Hr.)

E Test Material 
CAS No.

Test No. lej /2 w Vendor/Lot No.

CONCENTRATION % MORTALITY % MALFORMATION

109 1?,s 3,, ,

__ ?,5 __ _ _

(I ThS, /

,f, _ _ _ _ _ _ _ _ _ _ _ _

/'O

3 C2



Test Material Ivsiao

SourceLa

CAS No. Lot No. Test Start Date

CompositionTetEdDe

Solvent C c.Test IUnfts

DAY 1 DAY 2 DAY 3 DAY 4 DAYS5
PH-

Stock 1
Control

Highest Conc._____________ _____________

MORTALITY MALFORMATION

FETAX Control (No./total: %) __2_ _____% %Lj.. '~
Solvent Control L4:..~% 0 ..AI%
Control Length mm 0.14S Solvent Control Length Int

!,Minimum Concentration to Inhibit Growth (MCIG) K*.

TEST MATERIAL/COMPOUND RESULTS
TEST MORTALITY MALFORMATION STATISTICAL TEST USED

NOEL _ _ _ _ _ _ , I_ _ _ _ _ _ _ _ _ _

LOELV

LC50  I )&EC 50  0O15
95% Confidence limits 1'2. 95% Confidence Limits

CONTROL: 6 AMINONICOTINAMIDE (ANT) RESULTS
CONCENTRATION MORTALITY MALFORMATION ]
5.5 mg/mi %___ % _ _ _ _ _

2500 mg/mi ___%__ % ____ ___


